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ORGANOTHALLIUM COMPOUNDS1 
ROYAL KILBURN ABBOTT, JR. 
From the Department of Chemistry, Iowa State College 
The chief emphasis in the preparation of the organothallium com-
pounds described in the following has been upon the introduction of new 
groups into the molecule. In general, the introduction of water-solubiliz-
ing groups has received special attention. 
The choice of a solubilizing acid ("X group") which will impart at 
least 1 per cent solubility in water to a diarylthallium salt of the type 
R2 TIX is limited by the necessity that the group be nontoxic. This cri-
terion excludes such ions as fluoride1 although diphenylthallium fluoride 
is moderately soluble in water. The reaction in boiling pyridine between 
a diarylthallium halide and the silver salt of a water-soluble acid was 
investigated as a ready means of preparing such R2TlX compounds as 
diphenylthallium sulfanilate, m. p. 345° with decomposition, 0.06 per cent 
soluble in water at 25°; dimethylthallium saccharide, m. p. 231-233°, 
more than 1 per cent soluble in water; diethylthallium saccharide, m. p. 
220-221°, 1.55 per cent soluble in water at 25°; diphenylthallium saccha-
ride, m. p. 315-320° with slight decomposition, 0.17 per cent soluble in 
water at 25°; and di-2-pyridylthallium lactate, m. p. 205-208° with decom-
position, more than 1 per cent soluble in water. 
Direct nuclear substitution was also studied as a means of introducing 
functional groups into diarylthallium salts. It was found that di-o-tolyl-
thallium bromide could be sulfonated by fuming sulfuric acid at - 20° to 
give di-2- ( 4-sulfotoluene) thallium sulfate in 50 per cent yield. The com-
pound was somewhat soluble in water, especially on warming. It was 
readily soluble in 10 per cent sodium hydroxide solution, and the sodium 
salt could be prepared by exact neutralization and removal of the water 
under reduced pressure. The position of sulfonation was established by 
cleavage with bromine and neutralization of the resultant x-bromo-
toluenesulfonic acid with thallous hydroxide. The thallous x-bromo-
toluenesulfonate (m. p. 220-222°) thus obtained was found to be identical 
with an authentic specimen of thallous 2-bromotoluene-4-sulfonate, thus 
demonstrating that the metal is meta-orienting. 
The direct nitration of diphenylthallium nitrate yielded di-m-nitro-
phenylthallium nitrate, a pale yellow powder, readily soluble in hot 
pyridine. It underwent gradual decomposition at temperatures above 
300°. It was found, however, that this compound could be better prepared 
from m-nitrophenylboric acid and thallium trichloride. 
Detailed directions are given for the preparation of thallous hydrox-
ide from thallous sulfate, and for thallous ethoxide from thallous hydrox-
ide. Diethylthallium ethoxide was prepared from diethylthallium chloride 
'Original thesis submitted December 8, 1942. Doctoral thesis number 695A. 
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and thallous ethoxide in pyridine. It was also prepared from diethyl-
thallium chloride and the cheaper and more readily prepared sodium 
ethoxide in. absolute alcohol. By either method the yield was approxi-
mately 70 per cent of a compound which boiled as a pale yellow liquid at 
101-102° under 0.1 mm. pressure, and solidified on cooling to a nearly 
colorless, crystalline mass, which melted at 43-45° . The compound was 
immediately soluble in water because of complete hydrolysis, and had 
an odor somewhat resembling tetraethyllead. 
The preparation of several R 2TlX compounds with functional groups 
was undertaken by halogen-metal interconversion of the appropriate 
halides with butyllithium. Di-o-hydroxyphenylthallium bromide was 
prepared from o-bromophenol and thallium trichloride in 15 per cent 
yield. It did not melt at 340°. Di-2-pyridylthallium chloride was likewise 
prepared from 2-bromopyridine in 80 per cent yield. It melted at 288-
291° and was completely insoluble in water. 
Thallium trichloride-tripyridine was prepared from ether solutions 
of thallium trichloride and pyridine. Recrystallized several times from 
absolute alcohol, it melted at 148-150° without decomposition. It could 
not be rearranged to an organothallium compound by heating with pyri-
dine in a sealed tube at 180° for 10 hours. Thallium tribromide-tripyri-
dine was prepared in 75 per cent yield by the oxidation of a suspension of 
thallous bromide in pyridine with pyridinium bromide. The compound 
was readily recrystallized from absolute alcohol and then melted at 
113-115° without decomposition. Also, from the thallic halide in ether 
were prepared: in 79 per cent yield, thallium trichloride tri- (2-bromo-
pyridine) melting at 145-146°; in 68 per cent yield, thallium trichloride 
tri- (2-aminopyridine hydrochloride) melting with decomposition at 121-
1250; and in 81 per cent yield, thallium trichloride-cysteine hydrochloride 
melting at approximately 350° with decomposition. This last compound 
was 0.29 per cent soluble in water. 
An improvement was found on the known procedure for the prepar-
ation. of o-bromodimethylaniline from o-bromoaniline and methyl sulfate. 
The compound was found to boil at 101-102° under 12 mm. pressure. The 
colorless oily liquid, obtained in 95 per cent yield, was a glass both at 
0° and at - 75° . The following physical constants were obtained: n 0 z;; 
1.5748, d232~ 1.3880. The picrate melted sharply at 150-151°. The picrate 
of the starting material, o-bromoaniline, melted at 127-128°. From the 
o-bromodimethylaniline the Grignard reagent was prepared in 62 per 
cent yield, and from this Grignard reagent and thallium trichloride in 
ether solution di-o-dimethylaminophenylthallium bromide was obtained 
in 60 per cent yield. 
The reaction between p-dim ethylaminophenyllithium and thallium 
trichloride did not yield the expected di-p-dimethylaminophenylthallium 
bromide, but instead a purple dye. p-Dimethylaminophenylboric acid was 
prepared in 62 per cent yield from p-dimethylaminophenyllithium and 
n-butyl borate. It melted at 243-245° with decomposition. The structure 
was proved by analysis and by the reaction with mercuric chloride to 
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yield the known p-dimethylaminophenylmercury chloride, melting at 
224-226° with decomposition. p-Dimethylaminophenylboric acid likewise 
reacted with an aqueous solution of thallium trichloride to give a purple 
dye and not the expected di-p-dimethylaminophenylthallium chloride. 
The desired di-p-dimethylaminophenylthallium bromide was finally ob-
tained by the action of p-dimethylaminophenyllithium on a suspension 
of thallous bromide in ether. The yield based on one-third of the total 
thallium available in the reaction-since two-thirds is necessarily re-
duced to the free metal-was 68 per cent. The compound did not melt 
at 350°. 
Di-p-anisylthallium bromide was prepared in 48 per cent yield from 
p-anisylmagnesium bromide and an ether solution of thallium trichloride. 
It did not melt at 330° . By the analogous reaction, di-o-anisylthallium 
bromide was prepared in 47 per cent yield. It did not melt at 330°. These 
two organothallium compounds could not be made to undergo coupling 
with p-nitrobenzenediazonium chloride either in aqueous, ethyl acetate or 
dilute pyridine suspension. p-Nitrobenzenediazonium chloride was found 
to cleave di-p-dimethylaminophenylthallium bromide to yield 4'-nitro-4-
dimethylaminoazobenzene. A blank experiment showed that the cleav-
age was not merely due to the free acid present, which does not ordinarily 
cleave R2TlX compounds. 
The following thallous salts were prepared in connection with various 
phases of the work, but primarily because they often possess good melt-
ing point characteristics: 2,4,6-trinitrobenzoate, melting at 160-163° with 
decomposition and gas evolution; oxalate, melting at 315-320° with decom-
position and gas evolution; naphthalene-~-sulfonate, melting at 234-236°; 
benzenesulfonate, melting at 185-187°; laurylsulfonate, melting at 143-
1450; p-toluenesulfinate, melting at 154-156° ; monothallous phenylphos-
phonate, melting at 200-201°; dithallous phenylphosphonate, melting at 
317-320° ; diphenylphosphonate, melting at 203-205°; thallous salt of 
nitromethane, decomposing gradually above 160°; thallous salt of nitro-
ethane, melting at 80-82° with decomposition and gas evolution; methyl-
mercaptide, melting at 136-140° with decomposition; ethylmercaptide, 
decomposing around 100° without melting; n-butylmercaptide, melting at 
84-90° with decomposition; thiophenolate, melting at 258-260°; p-thiocre-
solate, melting at 178-180°; thio-~-naphtholate, melting at 165-168° ; and 
terephthalate, which did not melt at 340°. 
ORGANOTIN COMPOUNDS1 
CLYDE Enw ARD ARNTZEN 
From the Department of Chemistry, Iowa State College 
A review of the literature on organotin compounds is given, including 
tables containing the known organotin compounds with their melting or 
boiling points and references to the preparations and attempted prepara-
tions of each compound. Complexes of organotin compounds with other 
organotin compounds, ammonia, and amines are also included. The 
preparations, physical properties, and reactions of organotin compounds 
are discussed in general. Some correlations are made between the methods 
of preparation, physical properties, and reactions of organotin compounds 
with those of the other organometallic compounds of the B-family of 
Group IV. The nomenclature of several organotin compounds is modi-
fied to conform with the present tendency of using the ending tin instead 
of stannane for these compounds. Included in this review is also a survey 
of the therapeutic applications of organotin compounds. · 
Prior to the preparation of organotin compounds several halogen-
metal interconversion reactions were investigated. Several of the halo-
gen-metal interconversion products were useful in the preparation of 
organotin compounds. The halogen-metal interconversion reactions be-
tween n-butyllithium and halogen-substituted phenols, after carbonation 
with solid carbon dioxide and acidification, gave the corresponding 
hydroxybenzoic acids. From the reactions of o-bromophenol, p-bromo-
phenol, and p-iodophenol with n-butyllithium, there was obtained, after 
carbonation and acidification, respectively, o-hydroxybenzoic acid (67 
per cent), p-hydroxybenzoic acid (35 per cent), and p-hydroxybenzoic 
acid (50 per cent). 
Low temperatures and short-time reactions made possible halogen-
metal interconversions between n-butyllithium and halogen-substituted 
benzoic acids. There was obtained, after carbonation and acidification, 
35, 12, and 62 per cent yields of the corresponding carboxybenzoic acids 
from n-butyllithium and o-bromo-, o-iodo-, and p-iodobenzoic acids, re-
spectively. The experimental evidence indicated that the halogen-metal 
interconversion reaction was very rapid. 
Not only could halogen-metal interconversions be effected with 
halogen-substituted benioic acids but also with halogen-substituted 
N, N-dialkyl sulfonamides. In order to study the interconversion reaction 
with this type of compound the new compound, p-iodo-N,N-diethylben-
zenesulfonamide (m.p. 57-58.5° ), was prepared from p-iodobenzenesul-
fonyl chloride and diethylamine. At - 75° , p-iodo-N,N-diethylbenzenesul-
fonamide and n-butyllithium, after carbonation and acidification, gave a 
1 Original thesis submitted December 7, 1942. Doctoral thesis number 693A. 
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72 per cent yield of the new compound, p-carboxy-N,N-diethylbenzenesul-
fonamide (m.p . 192-194 ° with turbidity). 
The preparation of tetraethyltin as described by Harada2 from ethyl 
bromide and an alloy of sodium, zinc, and tin was investigated and it was 
shown that more than a 60 per cent excess of ethyl bromide is necessary 
for a smooth reaction and good yield of tetraethyltin. Harada merely states 
that a large excess of ethyl bromide was employed. 
By employing a procedure analogous to that used for the preparation 
of tetraphenyllead and by modifying the previously described directions 
for the preparation of tetraphenyltin, the large scale laboratory production 
of tetraphenyltin in a minimum amount of time and in a yield of 92 per 
cent was made possible. The phenylmagnesium bromide was prepared 
by cooling the reaction vessel in an ice bath. The solvent used for the 
reaction between phenylmagnesium bromide and stannic chloride was a 
mixture of ether and toluene. 
The application of halogen-metal interconversion products for the 
preparation of organotin compounds containing functional groups was 
demonstrated by the preparation of several of these compounds. In the 
preparation of R 3SnR' and R2SnR' 2 compounds containing hydroxy groups 
disproportionation or metal-metal interconversion reactions took place 
with the formation of R 4Sn compounds, unless the organolithium com-
pound was converted to the Grignard reagent by means of magnesium 
bromide prior to the reaction with R 3SnX or R2SnX2 compounds. Although 
organolead compounds also yield some R 4Sn compound in similar reac-
tions, this tendency was shown to be more pronounced in the organotin 
series. 
Triethyl-o-hydroxyphenyltin was prepared, in 54 per cent yield, from 
the halogen-metal interconversion product of o-bromophenol and n-butyl-
lithium by conversion to the Grignard reagent and reaction with triethyl-
tin bromide. The boiling point of triethyl-o-hydroxyphenyltin was 155-
1560 at 15 mm. The density and index of refraction were: d425 1.3150 and 
n 0 2li 1.5379. Kocheshkov and co-workers3 prepared triethyl-o-hydroxy-
phenyltin from hexaethylditin and di-o-hydroxyphenylmercury. These 
authors report the boiling point as 197-200° at 3 mm. The density and 
index of refraction of triethyl-o-hydroxyphenyltin prepared from the 
halogen-metal interconversion product, however, compare favorably with 
those reported by Kocheshkov and co-workers. 
In an analogous manner the following new organotin compounds were 
prepared from halogen-metal interconversion products, after conversion 
to the Grignard reagent prior to reaction with the organotin halides: 
triphenyl-o-hydroxyphenyltin (m.p. 176-177° with decomposition and 
depending on the rate of heating) in a yield of 57 per cent from o-bromo-
phenol, n-butyllithium, magnesium bromide, and triphenyltin chloride; 
triphenyl-p-hydroxyphenyltin (m.p. 201-203° depending on the .rate of 
heating) in a yield of 10 per cent from p-bromophenol, n-butyllithium, 
' Harada, Sci. Papers Inst . Phy s. Chem. Research (Tokyo), 35, 290 (1939) . 
3 Kocheshkov, Nesmeyanov, and Puzyreva, Ber., 69, 1639 (1936) . 
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magnesium bromide, and triphenyltin chloride; di-o-hydroxyphenyldi-
phenyltin (m.p. 136-138° depending on the rate of heating) in a yield of 
68 per cent from o-bromophenol, n-butyllithium, magnesium bromide, 
and diphenyltin dichloride; triphenyl-o-hydroxymethylphenyltin (m.p. 
158-159° ) in a yield of 64 per cent from o-bromobenzyl alcohol, n-butyl-
lithium, magnesium bromide, and triphenyltin chloride; triphenyl-p-hy-
droxymethylphenyltin (m.p. 98-100°) in a yield of 66 per cent from p-bro-
mobenzyl alcohol, n-butyllithium, magnesium bromide, and triphenyltin 
chloride; triphenyl-o-methoxymethylphenyltin (m.p. 94.5-95.5°) in a 
yield of 35 per cent from o-bromobenzylmethyl ether, magnesium bro-
mide, n-butyllithium, and triphenyltin chloride, also in a yield of 38 per 
cent from the Grignard reagent prepared directly from o-bromobenzyl-
methyl ether and magnesium. 
Two new organotin compounds containing the dimethylaminophenyl 
groups were prepared: triphenyl-o-dimethylaminophenyltin (m.p. 110-
1120) in a yield of 64 per cent from o-dimethylaminophenylmagnesium 
bromide and triphenyltin iodide, and also from o-dimethylaminophenyl-
lithium and triphenyltin iodide; triphenyl-p-dimethylaminophenyltin 
(m.p. 132-134°) in a yield of 62 per cent from p-dimethylaminophenyl-
lithium and triphenyltin chloride. 
Several attempts were made to prepare triphenyl-p-aminophenyltin 
from the reaction of the halogen-metal interconversion product of n-
butyllithium and p-bromoaniline with triphenyltin iodide. When the 
halogen-metal interconversion product was used directly no pure prod-
ucts could be isolated from the reaction mixture. When the halogen-
metal interconversion product was converted to the Grignard reagent by 
means of magnesium bromide, a small amount of a product melting at 
167-169° , separated as the hydrochloride, was obtained. Although this 
product probably was impure triphenyl-p-aminophenyltin, the tin analyses 
were too high to be conclusive. Separation of this product through the 
hydrochloride was unsatisfactory since cleavage occurred simultaneously 
with the formation of the hydrochloride. 
1'riphenyl-p-hydroxymethylphenyltin was oxidized to the new com-
pound triphenyl-p-carboxyphenyltin (m.p. 166-168°), in a yield of 44 
per cent, with potassium permanganate in alcohol-free acetone. Chambers 
and Scherer4 attempted to prepare this compound from triphenyltin-
sodium and sodium p-bromobenzoate in liquid ammonia but were able to 
isolate only triphenyltin hydroxide and benzoic acid from the reaction 
mixture. . 
The coupling reaction between organotin compounds containing func-
tional groups which facilitate azo compound formation with diazonium 
chlorides leads also to the formation of organotin cleavage products. Of 
the several coupling reactions attempted, only in the case of triphenyl-
p-dimethylaminophenyltin could a pure tin-containing azo compound be 
isolated, and then only after repeated crystallization. The new compound, 
triphenyl-4-dimethylamino-3- ( 4' -nitropheny lazo) -pheny ltin (m.p. 190-
, Chambers and Scherer, Jour. Am. Chem. Soc., 48, 1054 (1926). 
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192°), was obtained from triphenyl-p-dimethylaminophenyltin and p-nitro-
benzenediazonium chloride in a mixture of ethyl acetate and aqueous 
sodium acetate. 
Attempts to introduce the sulfonyl chloride group directly into 
tetraphenyltin led only to cleavage products even at - 75° with no evi-
dence of chlorosulfonation. When excess chlorosulfonic acid was used 
and the mixture then treated with ammonium hydroxide, there was iso-
lated some benzenesulfonamide in addition to metastannic acid. When 
two equivalents of chlorosulfonic acid were used, some unreacted tetra-
phenyltin and diphenyl sulfone in addition to cleavage products were 
isolated. 
Although organothallium and organomercury compounds have been 
prepared from arylboric acids and the corresponding inorganic halides, 
organotin compounds could not be obtained by this procedure from 
phenylboric acid and stannic chloride. Most of the phenylboric acid was 
recovered from these attempted reactions, but apparently some was 
hydrolyzed to benzene and boric acid by the prolonged treatment with 
the hot aqueous solution. However, it is possible that a small amount of 
organotin compound may have been formed but was hydrolyzed under 
the conditions of the experiment. It was hoped that this reaction would 
provide a method for the direct preparation of organotin compounds con-
taining functional groups, but since the reaction was unsuccessful in the 
case of phenylboric acid, the reaction with substituted arylboric acids was 
not investigated. 
The synthesis of an organotin compound containing an aldehyde 
group has not been accomplished. Many of the usual reactions for the 
preparation of aldehydes cannot be used since the conditions employed 
would break the carbon-tin linkage. The Reimer-Tiemann reaction ap-
peared to offer a solution to this problem. Since it was found that tetra-
phenyltin was not affected by prolonged heating with an alkaline solution 
such as is required in the Reimer-Tiemann reaction, an analogous experi-
ment was carried out with triphenyl-o-hydroxyphenyltin. Unfortunately, 
triphenyl-o-hydroxyphenyltin was cleaved by the alkaline solution, 
thereby excluding the Reimer-Tiemann reaction as a possible method for 
the introduction of an alde}:lyde group into organotin compounds. 
THE NATURE OF THE STARCH-IODINE COMPLEX1 
ROBERT RUSSEL BALDWIN 
From the Department of Chemistry, Iowa State College 
Evidence now exists that starch is a heterogeneous mixture of a 
straight-chain glucose polymer called amylose and a branched-chain 
glucose polymer called amylopectin. The introduction of this idea of 
branching in the starch molecule, as opposed to the tendency to consider 
starch as a linear molecule similar to cellulose, as well as the idea of a 
helical and an extended-chain configuration of starch, makes it desirable 
to reinvestigate starch materials in the light of these concepts. This 
investigation offers information gathered in a survey of the iodine com-
plexes of various polysaccharide materials chosen to test the more recent 
theories of starch structure. 
There is a definite relationship between the starch-iodine complex 
and the structure and configuration of the starch used in forming the com-
plex. The absorption spectrum of starch-iodine was found to be similar 
to the absorption spectrum of the iodine complex of cyclohexaamylose 
whose structure has been established as a six-membered cyclic glucose 
polymer which encloses an iodine molecule. This comparison was made 
by taking the absorption spectrum of a well-formed crystal of cyclohexa-
amylose-iodine with a microspectograph and an absorption spectrum of 
a solution of starch-iodine with a spectrophotometer. Both spectra show 
a broad absorption band with a maximum at approximately 600 millimi-
crons. 
Starch-iodine solutions show a definite dichroism of flow when placed 
in a concentric cylinder apparatus in which the inner cylinder can be 
rotated. The observed dichroism is such that the iodine molecules in-
volved in the complex must have their long axes parallel to the length of 
the starch molecule. Optical studies of crystalline amylose-iodine com-
plex make any but a helical configuration of amylose unfeasible. X-ray 
patterns of the amylose iodine complex are in accord with a helical con-
figuration with six glucose residues per helix turn. 
The absorption curves of iodine in nonpolar solvents and in starch 
were compared on the basis of molecular extinction coefficients. The com-
parison. discredits the hypothesis that the blue color of the starch-iodine 
complex is due to iodine merely dissolved in the hydrocarbon lining of 
starch in a helical configuration. A more tenable explanation of the 
increased absorbing power of iodine in starch is based upon the orienting 
influence of the starch helix on iodine molecules and the interaction of 
the iodine molecules aligned in the helix. 
A change in iodine concentration does not change the absorption 
maximum of the amylose-iodine complex. Iodine is taken up more readily 
'Original thesis submitted June 1, 1943. Doctoral thesis number 720. 
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by amylase than by amylopectin, and the absorption is much greater in 
the case of amylose-iodine. The spectrophotometric titration of amylose 
with iodine shows an end point when the ratio of glucose residues to 
iodine molecules is six to one. 
The amylose-iodine complex can be formed in the absence of iodide 
ions. In their presence, amylose takes up iodide ions -in -.addition .. to 
iodine, with a limiting value of one iodide ion to two iodine atoms. The 
presence of other ions affects the iodine complex formation. This effect is 
attributed to changes in the configuration of the starch itself, as evidenced 
by changes in precipitability of starch in the presence of electrolytes. 
There is a direct relationship between the chain length of starch 
and the absorption maximum of the corresponding iodine complex. With 
an increase in chain length, the absorption maximum shifts to longer 
wave lengths. This was shown by the absorption spectra of amylose 
samples whose molecular weights had been determined by chemical and 
physical means. Further evidence for the shift of the absorption maxi-
mum with increasing chain length was shown in a study of the absorption 
spectra of the iodine complex of synthetic polysaccharides. The synthesis 
of starch from glucose-I-phosphate by the enzyme phosphorylase could 
be stopped at various stages, the product isolated, and absorption curves 
taken of the iodine complex. The absorption curves of four such isolated 
fractions of synthetic starch showed a shift in the absorption maximum 
from 525 millimicrons to 590 millimicrons. The width of the absorption 
band and the small degree of the shift make a quantitative determination 
of chain length on this basis impractical. There is also a direct relation-
ship between the molecular extinction coefficient of the amylose-iodine 
complex and the molecular size of the amylose, if the coefficient is cal-
culated for solutions in which the amylose is in excess, in which case 
the absorption is a function of iodine concentration; and the molecular 
extinction coefficient increases with an increase in amylose chain 
length. 
A relationship exists between the degree of branching in starch 
and the absorption maximum of the corresponding iodine complex. 
There is a shift to shorter wave lengths with an increased amount of 
branching. The color of a starch-iodine complex is not a function of 
molecular weight, but a function of the length of straight chains or the 
length of the longest branches present in the starch molecule. 
From the difference in light absorption qualities of amylose-iodine 
and amylopectin-iodine, it is possible to estimate quantities of these ma-
terials present in starches. The values thus obtained-29 per cent 
amylose in lily bulb starch, 20 per cent amylose in potato starch, 18 per 
cent amylose in corn starch, and 16 per cent amylose in tapioca starch-
are in the right order of magnitude but slightly lower than those obtained 
by other means. 
The enzyme phosphorylase prepared from yeast is capable of cleav-
ing (and presumably synthesizing) a 1: 6-glucosidic linkage-the linkage 
involved in branching in the starch molecule-as well as a 1: 4-glucosidic 
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linkage. This was demonstrated by the action of yeast phosphorylase on 
the limit dextrin from waxy maize starch which has an abundance of 
1: 6-glucosidic linkages and on amylose which has only 1: 4-glucosidic 
linkages. This evidence explains the synthesis of a high molecular 
weight but brown-staining polysaccharide with yeast phosphorylase. The 
product has a large number of short branches similar to glycogen. Potato 
phosphorylase as ordinarily prepared is capable of cleaving and synthe-
sizing only a 1: 4-glucosidic linkage. There is evidence that an enzyme 
capable of forming a 1: 6-glucosidic linkage is present in potatoes but is 
lost in the process of purification. 
PHOSPHATE FIXATION BY KAOLINITIC AND OTHER CLAYS1 
CHARLES A. BLACK 
From the Department of Agronomy, Iowa State College 
Because of the recent interest in the combination of phosphate with 
kaolinite by an anion exchange process, a study was made of the condi-
tions under which this phosphate fixation takes place. An attempt was 
made to determine the importance of fixation by kaolinite relative to that 
by the free oxides. The kaolinitic materials used were kaolinite from two 
different sources, the clay fraction of the Cecil clay soil, and hydrated 
halloysite. Montmorillonite (bentonite) and illite were included for 
comparison. 
Preliminary work suggested the possibility that, in addition to re-
placing surface-exposed hydroxyl groups, phosphate ions could pene-
trate into the crystal between the lattice layers and replace some of the 
hydroxyl ions at the cleavage planes inside the clay particle. If such were 
the case, the fixation should slowly increase with time, and no definite 
"saturation value" would be reached until all the hydroxyl groups had 
been replaced. , 
Experiments showed that the phosphate fixation increased greatly 
as the time of contact was lengthened. For example, the Cecil clay 
(free iron oxides removed) fixed 393 p .p.m. P during a 10-minute period 
and 42,500 p.p.m. P during a 2-month period from a solution of the same 
concentration. 
Extraction data showed a slow and gradual removal of fixed phos-
phate with saturated (NH4} 2C20 4 adjusted to pH 7 as contrasted to a 
rapid removal with 0.1 N NaOH. These results indicate again that some 
of the phosphate was held inside the crystal since the activity of the oxa-
late ion should be confined largely to the surface of the particles, whereas 
the action of the NaOH could take place inside as well as outside because 
of the r elatively small size of the hydroxyl ion. The gradual extraction 
with the oxalate suggests that as the phosphate was removed from outside 
positions there was a readjustment whereby the phosphate held inside 
the crystals moved out to where it could be replaced. 
Fixation by iron in the above experiments was believed to be of 
minor importance because of the thorough previous treatment of the 
clays to r emove free iron oxides. Considerable amounts of aluminum 
wer e dissolved as a result of shaking the clays with a solution having the 
same acidity as the phosphate solutions, but many times more aluminum 
would have been required to account for the large amounts of phosphate 
fixed. As a further indication that the phosphate held ,by the clay was 
not retained as ordinary aluminum phosphate, the behavior of the fixed 
phosphate towards extraction by various reagents was quite different 
from that of C.P. aluminum phosphate. 
1 Original thesis submitted December 15, 1942. Doctoral thesis number 705. 
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To obtain a more complete picture of the behavior of the clays, a 
study was made of the effect of pH, concentration of phosphate in solu-
tion, and time of contact on the amount of phosphate retained in equi-
librium systems. The reaction range employed was approximately pH 3 
to pH 7.5, the phosphate concentrations were 1, 10, and 100 p.p.m. P in 
solution, and the times of contact were 48 hours and 30 days. 
The shape of the pH-fixation curves for the kaolinitic clays showed 
that fixation by hydroxyl replacement was very strongly influenced by 
the phosphate concentration and the time of contact. More phosphate was 
fixed by this mechanism from the more concentrated solutions and 
during the longer fixation period. The more finely divided samples 
showed fixation by hydroxyl replacement at a lower phosphate concen-
tration and at a shorter time of contact than did the coarser clays. 
Kaolinite which had been ground in a ball mill was the only sample 
slib'wiiig this fixation from a solution having an original concentration of 
1 p.p.m. P . The coarser sample of kaolinite employed (2 per cent finer 
than 0.2 micron in diameter) did not show definite fixation due to 
hydroxyl replacement under any of the conditions employed. The ano-
malous behavior of hydrated halloysite which, even though it was not 
finely divided, fixed large amounts of phosphate due to hydroxyl re-
placement from a solution concentration of 100 p.p.m. P can probably 
be explained on the basis of easier penetration of phosphate between the 
lattice layers resulting from structural differences in the clay. 
The only type of fixation definitely evident from the pH-fixation 
curves for finely ground kaolinite was that due to hydroxyl replacement. 
The curves for the other clays showed modifications resulting from other 
fixation mechanisms. The apparent effect of aluminum was noted es-
pecially in the curves for fixation from solution concentrations of 1 and 10 
p.p.m. P, in the form of a maximum at pH 5-7. At these phosphate con-
centrations, retention by aluminum was more marked after the 30-day 
fixation period than after the 48-hour interval. In the 100 p.p.m. P solu-
tions, the effect of aluminum was usually masked by the much greater 
fixation due to hydroxyl replacement-particularly after the 30-day 
period. The effect of iron was definitely shown only in the Cecil clay. 
Except in the 1 and 10 p.p.m. P solutions, where it was evident as a 
maximum at about pH 4.5, fixation due to iron was not distinguishable 
from that due to hydroxyl replacement. The clay containing the free 
iron oxides fixed a larger amount of phosphate in all cases than did the 
corresponding treated clay. 
Montmorillonite (bentonite) showed fixation apparently due to 
aluminum at both phosphate concentrations employed (1 and 100 p.p.m. 
P in solution) . Fixation by aluminum and iron was probably operative 
in the case of illite, but the curves obtained did not give definite 
indications. 
The study of phosphate fixation in equilibrium systems at different 
pH values was supplemented by experiments in which the phosphated 
·· days· were· -leached with water and the amounts of phosphate extracted 
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were determined. The large amounts of phosphate retained by Cecil 
clay and kaolinite samples, presumably held largely by the process of 
hydroxyl replacement, showed a rather high rate of release, indicating 
that a considerable port10n of the phosphate could be used by plants. A 
comparison of the Cecil clay treated to remove free iron oxides with 
the clay containing the free oxides showed that considerably larger 
amounts of phosphate were retained after leaching where the clay 
contained the free oxides. The much narrower ratio of the amounts of 
phosphate fixed by the two samples in an equilibrium system suggests 
that a large portion of the phosphate held by hydroxyl replacement in 
an equilibrium system was readily removed by washing with water 
and that a large part of the phosphate held after the untreated clay 
had been washed with water was retained by the free oxides. It was 
considered, however, that the kaolinitic portion of the Cecil clay 
can hold some phosphate in a form of low solubility. Leaching ben-
tonite with water removed most of the fixed phosphate. Saturated 
(NH1) 2C20 4 adjusted to pH 7 rapidly and almost completely extracted 
the phosphate fixed by the bentonite. 
Greenhouse experiments with mixtures of sand and some of the 
clays after addition of various amounts of phosphate showed that little 
of the phosphate held by bentonite or by kaolinite finer than 2 micron 
in diameter was fixed in a form unavailable to tomatoes. The Cecil clay 
samples fixed a considerable amount and the finely ground kaolinite 
fixed most of the added phosphate, as indicated by the growth of toma-
toes. The fact that tomatoes grew less vigorously on the Cecil clay 
treated to remove free iron oxides than on the corresponding untreated 
sample, was taken as an indication that the free oxides fixed the phos-
phate first and held it in a form more available than the phosphate which 
had contacted only the kaolinitic portion of the clay. 
As a result of the experiments with kaolinite and the Cecil clay, it 
was concluded that under the proper conditions the kaolinitic portion 
of the Cecil clay can retain extremely large amounts of phosphate by 
hydroxyl replacement, but that combination with the free oxides is of 
much greater importance in determining the concentration of phosphate 
in the soil solution. 
A STUDY OF THE PHOSPHORYLASE QF WAXY MAIZE1 
LAURA BLISS 
From the Department of Chemistry, Iowa State College 
A recent development in the investigation of carbohydrate meta-
bolism has been concerned with the reversible reaction, 
starch 
or +inorganic phosphate ~ glucose-I-phosphate. 
glycogen 
Phosphory lase, the enzyme which catalyzes this reaction, has been 
found in extracts of yeast, in such animal tissues as heart, brain, muscle, 
and liver, and in several plants, principally peas and potatoes. The 
present work dealing with the phosphorylase of waxy maize was designed 
to suggest a basis for explaining the role of enzyme action in the forma-
tion of starch in the corn kernel and to determine the usefulness of waxy 
maize as a source of phosphorylase. 
For testing the activity of the enzyme, determinations of inorganic 
phosphorus and ester phosphorus in digestion mixtures were made by 
the method of Fiske and Subbarow (1) , as modified by King (2). The 
intensity of the color in the molybdenum blue solutions was measured 
with a photoelectric colorimeter. A study of the method led to the 
standardization of the procedure which was used for all determinations. 
Preliminary experiments based upon the work of Hanes (3, 4) and 
of Cori and co-workers (5) were made to ascertain the factors which 
effect the activity of the phosphorylase system of waxy maize. Those 
reported were concerned with the substrate for enzyme action, the age of 
the corn used as a source of enzyme, the treatment of the enzyme ex-
tracts by dialysis or by adsorption of the enzyme on Cy aluminum hy-
droxide, and the clarification of the enzyme extracts with kaolin. Thus 
these preliminary experiments formed a basis for further studies on the 
concentration of the enzyme and the methods used for determination of 
phosphorylase activity, and for an invest igation of starch synthesis 
through the reversible reaction previously indicated. 
For use as a substrate in testing the activity of the enzyme, synthetic 
glucose-I-phosphate was prepared. The method used was that worked 
out by Cori et aL. (6). a-Acetobromqglucose was treated with silver 
phosphate, the intermediate product hydrolyzed in hydrochloric acid, 
and the barium salt of glucose-I-phosphate precipitated in ethanol. The 
barium salt was then converted to the dipotassium salt, a crystalline di-
hydrate with a specific rotation of + 79° . 
Activity tests were run on waxy maize at different stages of develop-
ment. The phosphorylase unit, defined by Green and Stumpf (7) as the 
' Original thesis submitted June 1, 1943. Doctoral thesis number 719. 
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amount of enzyme necessary to catalyze the liberation of 0.1 mg. of inor-
ganic phosphate from glucose-1-phosphate in 3 minutes at 38° and pH 6.0, 
was used as a basis for these tests. It was found that the number of units 
per gram of dry corn varied from 5.09 to 0.28 during the period from 2 
weeks after pollination to maturity. Calculated on the basis of the weight 
of corn as collected from the field, the activity varied from 0.85 to 0.26 
units over the same period. It was concluded that phosphorylase is 
most abundant in the early corn, when starch synthesis is first starting, 
and that the concentration of the enzyme decreases as the corn kernel 
develops. 
Concentration of phosphorylase from waxy maize was brought 
about by precipitation with ammonium sulfate, as worked out for the 
potato enzyme by Green and Stumpf. In the the use of ammonium sulfate 
as the precipitating agent, it was necessary to determine the concentra-
tion that would give an enzyme precipitate in which the greatest part of the 
original. activity of the extract was retained and which held only a rela-
tively small amount of inactive material. It was determined that a 
fraction of low activity could be removed by 0.28 saturation with am-
monium sulfate, leaving 78 per cent of the original activity in solution. 
This solution was then brought to 0.34 saturation with ammonium sul-
fate, thereby forming a precipitate which represented the protein insol-
uble at 0.28 to 0.34 saturation. This precipitate contained the highest 
concentration of phosphorylase and could be dissolved in a small 
amount of citrate buffer to give a preparation of three times the con-
centration of the original extract. 
An investigation of the polysaccharide synthesized by the action of 
waxy maize phosphorylase was undertaken in order to determine the 
nature of the linkages in the synthetic product and thus to compare it 
with the natural starch from the same source. Bates and co-workers (8) 
found that a potentiometric iodine titration yielded information regard-
ing the structure of the polysaccharide. By such a titration Bates et al. 
could estimate the amount of each of the two starch fractions, amylose 
and amylopectin, present in the sample. When amylose was titrated, an 
iodine complex was formed, and the iodine activity remained about the 
same until the complex formation was completed, when the potential 
began to rise sharply. Amylopectin, on the other hand, showed a steady 
increase in potential throughout the titration. 
This technique was applied to the analysis of the small amounts of 
synthetic polysaccharide formed in digests containing waxy maize phos-
phorylase. l'Jiie results indicated that during short periods of digestion at 
room temperature small amounts of straight-chain amylose were formed. 
Apparently, the larger proportion of the synthetic product in such cases 
was amylose of varying chain-lengths. During digestion at a higher tem-
perature or with more active enzyme, larger amounts of polysaccharide 
were synthesized. However, the greater part of this polysaccharide was 
of the amylopectin, or branched type. It was concluded from these ob-
servations that short amylose chains might be formed first in the synthesis 
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and that many of these short amylose chains might later be brought 
together, forming a branched structure. 
The iodine titration offered a clue to the nature of the phosphorylase 
present in waxy maize. Meyer (9) has suggested the existence of two 
such enzymes, one of which synthesizes a-1, 4-, or straight-chain, link-
ages, and the other of which synthesizes a-1, 6-, or branched-chain 
linkages. A phosphorylase of the 1,4-type would form amylose only, 
whereas both types of enzyme would be required for the formation of 
amylopectin, which contains both types of linkages. It has been shown 
that many phosphorylase extracts (in vitro) synthesize amylose only 
and thus contain only 1,4-phosphorylase. Since the 1,6-phosphorylase is 
assumed to be present in vivo in all natural sources (because all native 
starches contain some amylopectin) , it i? concluded that the 1,6-enzyme 
may be lost during the extraction processes. From the results of the 
present experiments, it was concluded that the 1,6-enzyme, as well as 
the 1,4-phosphorylase, was present in the waxy maize enzyme extract. 
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A STUDY OF CY ANAMIDE AS A SOL VENT AND 
REACTION MEDIUM1 
EVERETT CROMWELL BUCKNER 
From the Department of Chemistry, Iowa State College 
Cyanamide has been known as a specific compound since 1851. Many 
methods of preparation have been published, and the physical properties 
of the compound have been determined. Its chemical reactions have 
been studied, and many compounds have been prepared. However, no 
investigations have been made of the properties of cyanamide as a 
solvent, as a reaction medium, and as an ionizing medium. In the present 
research these properties were investigated. 
Part of the cyanamide used in this investigation was purchased from 
the Eastman Kodak Company, Rochester, New York. Some was made 
by the method of Werner (Jour. Chem. Soc., 109, 1325-1327 (1916). The 
melting point was 41°-42° C. 
The solubilities of seventy-five organic and inorganic compounds 
were determined. The solid cyanamide was quickly placed in a 
4 ml. test tube which was stoppered and placed in a water bath. The 
bath was kept at a temperature of 54°-55° C. by means of a Cenco-
Dekhotinsky thermoregulator. The cyanamide melted, and the liquid 
was used as a solvent. From 0.5 to 0.75 ml. of the liquid was used for 
each test. 
If the substance to be tested was a liquid, it was added a drop at a 
time. If as much as 0.25 ml. dissolved, the substance was considered as 
soluble; if one drop produced two layers, it was classified as insoluble. 
In the case of solid substances, from 0.05 to 0.07 g. of the solid was added 
in small portions. If this amount dissolved, the solid was considered as 
soluble. If less than half this quantity dissolved, the compound was 
classified as slightly soluble. 
In general, those inorganic compounds which have a high solubility 
in water were found to be soluble in cyanamide. Comparatively few 
organic compounds were tested, but certain acids, alcohols, and esters 
were found to be soluble. These organic compounds had low molecular 
weights. · 
Liquid cyanamide proved to be a good reaction medium. When a 
solution of silver nitrate in the liquid was added to cyanamide solutions 
of soluble chlorides, bromides, iodides, carbonates, and phosphates, pre-
cipitates were produced immediately. The colors of these precipitates 
were the same as those of silver salts precipitated from aqueous solutions. 
· Antimony chloride formed a white crystalline precipitate when 
added to liquid cyanamide. This precipitated compound was insoluble 
in absolute alcohol and ether and could be dried in an oven at 65° C. 
The compound was analyzed for antimony by oxidation with iodine; for 
' Original thesis submitted August 14, 1942. Doctoral thesis number 682A. 
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nitrogen by the micro Dumas method; for chlorine by the V olhard 
method. The results of the analyses gave an average of 43.98 per cent 
antimony, 29.37 per cent nitrogen, and 15.36 per cen t chlorine. The cal-
culated percentages for the compound Sb (HN.CN) 3.HCl are: antimony, 
43.29; nitrogen, 29.87; chlorine, 12.61. 
When anhydrous cupric sulfate was added to cyanamide, the salt 
became dark green, which indicated the formation of a solvated com-
pound. Several samples of the green compound were prepared. The ex-
cess cyanamide was removed with anhydrous ether and the compound 
dried in a vacuum desiccator. 
The compound was found to be very hygroscopic and could not be 
exposed to the air. Samples were quickly transferred to a small weighing 
bottle with a ground glass stopper. After weighing, the samples were 
ignited to cupric oxide. The oxide, after weighing, was dissolved in dilute 
nitric acid, and copper was determined by the potassium iodide method. 
The results indicated the formation of CuS04 .2H2NCN in some samples 
and CuS04.3H2NCN in others. 
A mixture of dry hydrogen chloride and nitrogen was passed into 
liquid cyanamide at 55°C. A white crystalline compound formed which 
could be washed with ether and dried in an oven at 65°C. The compound 
was stable under room conditions. It was analyzed for chlorine by the 
method of Volhard. The average percentage of chlorine was found to 
be 43.51. The calculated percentage of chlorine in the compound 
H 2N.CN.HC1 is 45.20. The fact that the percentage of chlorine in the 
samples analyzed was low could be accounted for by some polymerization 
of cyanamide to dicyandiamide. The polymer will not react with HCl 
and is only slightly soluble in ether. 
When potassium phosphate was added to cyanamide, the solution 
became viscous. Upon continued addition of the salt, a white crystalline 
compound separated. This was washed with absolute alcohol and then 
with ether and dried in an oven at 65°C. 
This compound, when dissolved in water, gave only faint tests for 
phosphate with silver nitrate, magnesia mixture, and molybdate reagent. 
Its melting point was 200°C. by the micro method. Analyses for nitrogen 
by the micro Dumas method gave an average of 66.61 per cent. These 
data indicated dicyandiamide contaminated with a slight amount of 
potassium phosphate. 
Some conductivity measurements were made with solutions of 
ammonium chloride, ammonium nitrate, potassium iodide, potassium 
phosphate, and sodium nitrate. Reagent grade salts were used and 
dissolved in liquid cyanamide at a temperature of 54°-55°C. 
The apparatus used in this part of the investigation consisted of a 
conductivity cell, resistance box, ear-phones, and Wheatstone bridge. 
The current was generated with an oscillating circuit composed of radio 
tubes with proper capacities and inductances. 
The cell was of standard type but was built to have a capacity of 
about 5 ml. It consisted of two circular platinum plates set vertically in 
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ci. cylindrical cell. Connection was made through platinum wire sealed 
through the glass and leading into wells containing mercury. The 
electrodes were platinized. 
The cell was calibrated at 55°C. and found to contain 4.30 ml. The 
cell constant was determined by using a 0.02 molar solution of potassium 
chloride. 
About 4.00 ml. of cyanamide were placed in the cell and the specific 
conductivity measured. A weighed amount of salt was introduced and 
the volume brought up to 4.30 ml. by the addition of cyanamide. The 
specific conductivity of the solution was determined. Then one-sixth 
of the original volume of the solution was removed, and an equal amount 
of pure cyanamide was added. The specific conductivity of this more 
dilute solution was then measured. The solutions were progressively 
diluted until at least seven different concentrations were obtained 
for each solute. 
The initial concentrations of solutions ranged from 0.0097 to 0.3283 
normal. For every dilution tested, the solution showed an increase in 
specific conductivity over that of the pure solvent. 
Graphs prepared by plotting the volume in liters containing one 
- gram-equivalent of salt against the equivalent conductance gave ir-
regular curves. In the case of potassium iodide, the solutions showed 
an increase in equivalent conductivity with progressive dilution. Other 
series of solutions, except potassium phosphate, gave an initial rise and 
then a decrease in equivalent conductivity. 
Potassium phosphate solutions showed a steady decrease in 
equivalent conductivity for eight dilutions. This was due to polymeriza-
tion of the cynamide to dicyandiamide. Since it can be shown that 
p·otassium phosphate causes polymerization, other salts must have · the 
same effect. The irregular form of the dilution curves must be due to this 
effect. 
ECOLOGY AND MANAGEMENT OF THE PRAIRIE SPOTTED 
SKUNK, SPILOGALE INTERRUPT A (RAFINESQUE), 
IN SOUTHEASTERN IOWA 1 
WILFRED D. CRABB 
From the Department of Zoology and Entomology, Iowa State College 
The prairie spotted skunk, Spilogale interrupta (Rafinesque), was 
studied in southeastern Iowa at Stockport from March, 1939, to June, 
1942, with particular reference to its ecology, life history, and manage-
ment. 
The Stockport skunk research area consists of 17.5 square miles, 
approximately 7 in rough woodland pasture and 10 in flat cultivated 
farm land on which the research was largely done. 
Live trapping and ear-tagging for release and future capture was 
the basic method employed in studying the range and ecological 
requirements of the population. Four central sections were selected 
for intensive studies and subjected to rotational trapping. One section 
was trapped at a time with one trap on each of sixty-four quadrats of 
10 acres each. 
The traps were moved to new quadrats once every 3 weeks and 
rotated in such a manner that the central sixty-four quadrats received 
twice as much trapping (6 weeks) as the bordering quadrats (3 weeks) 
each season of 3 months. 
Ground cover on these four sections during the first part of 1942 
was cornstalks (20 per cent), bean stubble (11 per cent) , pasture (26 
per cent), clover (14 per cent), farm yards (3 per cent), woodland (5 per 
cent) and several other crop residues each occupying less than 3 per cent. 
A major objective of the investigation was to uncover some of the 
facts concerning territories and the constituents of the habitat of the 
spotted skunk. The habitat was characterized by a large number of dens 
distributed over the range. These dens were not the property of any 
one individual but of the population. Sixty dens were used from one to 
five months on the four sections under intensive observation during the 
winter and spring of 1942. Ninety per cent of these dens were directly 
related to farm buildings and crop accumulations associated with agri-
cultural practices of the region. 
Several important features were found essential to continual den 
usage. The exclusion of light was probably most important. Without 
exception every den or semblance of a den met this requirement. A 
second important feature was protection against weather conditions. 
Summer heat, winter cold, snow, rain and cold wind all were factors 
influencing den usage at varying times. A third important requirement 
was protection against "enemies," especially farm dogs and men. 
' Original thesis submitted October 27, 1942. Doctoral thesis number 687 A. 
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An expression "area of familiarity" was used to describe the living 
space of individual skunks. Only a part of the area of familiarity was 
used by individual spotted skunks at any one time. When any part no 
longer provided the necessities of life, the skunk moved to portions 
previously used or extended the area of familiarity to new ground. 
The fact that one skunk moved in on another seemed to make no great 
difference. A place to sleep reasonably secure from dogs, man, daylight, 
and adverse weather; availability of any of a large number of foods-
animal or plant; and a reasonably safe passageway between dens and food 
were basic factors regulating the limit of usefulness of any part of the 
area of familiarity. 
A survey of seventy-eight farm yards on the whole area revealed 
that 60 per cent of the farm yards had three or more permanent or 
semipermanent den sites, and 30 per cent had at least two semiperman-
ent or permanent den sites. 
The population density was determined at thirteen skunks per square 
mile with a sex ratio of 1.68:1. 
Home ranges of males during winter were restricted to 160 acres 
or less. Individuals had their dens in hay barns or similar buildings 
and found their food in the vicinity. They ordinarily had two or more 
permanent or semipermanent stopping places or nests in the vicinity 
of theii- central den, and among these places they ate and slept. Eight 
males were followed closely during January and February of 1942 on the 
central four sections. Six of these were known to be regularly using 
barns for basic .rlens, and in the vicinity of these barns they were regu-
larly caught. During good weather they often made foraging ex-
cursions along fence lines and into the surrounding fields. 
During the winter season only one or two records were ever obtained 
of an animal traveling more than 112 mile, and these never exceeded % 
of a mile from a central winter den. 
Trapped females in winter presented the same or similar activity 
pattern demonstrated by trapped males. Six individuals were followed 
by repeated trappings during January and February of 1942. They made 
similar one night forays into the surrounding fields during good weather 
and were to be found in the vicinity of a barn den (five cases) or straw-
pile den (one case) to which they returned for the day. During wet or 
very cold weather they did not go out of the barn dens. 
Data on spring activity of males were gathered on eighteen individ-
uals using the four sections. Males at this time of the year traveled about 
the community. Distances of 112 mile to a mile were regularly traveled 
between points of capture, and two of them were caught at points 2 
miles apart during this time. Six individualij traveled about extensively 
within the bounds of the 4-square-mile area, and from these it is assumed 
that from 2 to 4 square miles was the size of the spring range and prob-
ably the extent of their area of familiarity. 
The area used by females was in marked contrast with the size of 
that used by males during the spring season. While the males were 
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moving p.ll over the community, the females changed their travel habits 
only a little or not at all. None of the cases demonstrated the use of 
area greater than one-fourth section. 
All available data indicated that summer and fall activities of both 
sexes were similar to those demonstrated during the spring season. 
Seventy-seven spotted skunks were killed on the area: 32 per cent 
for fur, 26 per cent by dogs, and 27 per cent by men for suspected predation 
on chickens or for living in houses. Mortality was greatest during 
winter and least during summer. 
Eighty-five per cent of the farmers on the area had had the spotted 
skunks about their farm yards during the period from June, 1941, to June, 
1942. Thirty-four per cent had had trouble with them. Twenty-one 
per cent attempted to manage them. Twenty-eight per cent encouraged 
their presence about the premises, 19 per cent were definitely against 
having them about their premises, and 50 per cent were apathetic toward 
them. 
A litter of seven spotted skunks was observed in captivity to deter-
mine the rate of growth. Each weighed approximately 10 grams at birth. 
Their eyes opened at 31 days. Their teeth cut through the gums at 35 
days. They walked on their feet at 35 days. They were weaned, or 
nearly so, at 54 days. They appeared full grown at 104 days. 
Weights were obtained on 151 spotted skunks in all seasons. Males 
averaged 1 pound, 91/2 ounces; females averaged 1 pound, 1 ounce. 
Of six spotted skunks transplanted, two transplants were known to 
have been successful. 
Encouragement and discouragement types of management were 
practiced on the research area by farmers. Spotted skunks were en-
couraged for their possible controlling effect upon rodent population and 
discouraged for predation on poultry or for making dens in houses, wells, 
and among stored feed where their presence was not conducive to human 
well-being. 
Wise management of spotted skunks is co-ordinated with many good 
farming practices. In general spotted skunks deserve ·encouragement 
about Iowa farms. 
THE CHEMICAL RESISTANCE OF POLYHEXAMETHYLENE 
ADIPAMIDE 1 
RUTH OLIVE DONOHUE 
From the Department of Chemistry, Iowa State College 
A sulfur-free woven nylon, polyhexamethylene adipamide con-
taining 0.28 per cent of titanium dioxide and yielding 0.35 per cent of 
ash, was studied in an attempt to determine quantitatively its re-
sistance to mordanting, heat, and light. 
When the fabric was mordanted with 50-volume baths of aluminum 
sulfate, containing 0.40, 0.50, 1.50, 3.00, and 6.00 g. of aluminum oxide 
per gram of fabric, for 1 hour at 100°C., a maximum of but 0.13 per 
cent of Al20 3 was fixed from the mordanting bath of 0.50 g. of alum-
inum oxide per gram of nylon at a pH of 3.00. The fixation of alum-
inum which, though slight, increased with an increase of pH is in accord 
with the electrostatic theory of mordanting, but the data suggest that 
the isoelectric range of this oriented nylon is nearer a pH of 3.00 than a 
pH of 2.7. 
The effect of 50-volume baths of potassium dichromate in 1 hour 
at 100°C. qn the weight, chromic oxide, total nitrog\en, and wet 
strength of the fabric was investigated. As the concentration of po-
tassium dichromate was raised from 0.0207 to 0.1278 g. of Cr20 3 per 
gram of fabric, the pH of "the solution and the percental exhaustion 
decreased, the amount of ash increased slightly, and the wet strength 
was not changed. As the pH of a solution containing 0.0517 g. of Cr20 3 
per gram of fabric was decreased by the addition of hydrochloric acid, the 
percentage of ash and exhaustion increased, and the wet strength de-
creased. A straight-line relationship was shown between the Cr20 3 fixed 
by the fabric and that left in the mordanting bath. No change in slope 
of this line occurred at the isoelectric region of the fiber nor where the 
chromium changed from one ionic combination to another. Fabric treated 
with potassium dichromate of pH 0.85 lost 59 per cent of its wet strength 
but retained its original weight and amount of nitrogen. This retention 
is evidence that hydrolysis of the amide linkage, if it occurred, was ran-
dom. During 1 hour at 100°C. in mordanting baths of pH less than 1.5, 
the fabric lost more than 38 per cent in wet strength. 
Dry heat for 2 hours at 134 to 137°C., as well as boiling water for 
1 hour, each effected a decrease of but 9 per cent in the wet strength 
of the fabric. The wet strength was not changed by ironing at tempera-
tures up to 197°C., but the fabric yellowed and shrank 6 per cent when 
ironed between 184°C. and 197°C. 
F'abric treated with steam at 138°C. for 5 minutes decreased 15 per 
cent in wet strength; that treated with steam at 148°C. showed a loss in 
' Original thesis submitted December 10, 1942. Doctoral thesis number 698A. 
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wet strength of 26 per cent but no loss in weight or nitrogen; and steam 
at 154°C. effected a decrease of 35 per cent in wet strength and a shrink-
age of 6 per cent. Again in this instance, if hydrolysis of the amide link-
age occurred, it was random. 
After exposure to ultraviolet light for 45 and for 60 hours, the 
original fabric decreased 26 and 53 per cent in wet strength. The fabric 
was treated with alkali alkyl sulfate, calcium hypochlorite, formaldehyde, 
iodine, phenol, potassium dichromate, potassium permanganate, sodium. 
hydroxide, and sulfuric acid. Alkali alkyl sulfate and formaldehyde at 
25°C. effected an increase of 6 per cent in wet strength; calcium hypo-
chlorite, iodine, potassium dichromate, potassium permanganate, and 
sodium hydroxide each at 25°C. did not affect the wet strength of the 
fabric whereas phenol and sulfuric acid effected a slight loss. Fabric 
treated with solutions of potassium permanganate containing added acid 
or alkali lost 16 to 22 per cent in wet strength. Fabric treated with alkali 
alkyl sulfate, calcium hypochlorite, formaldehyde, potassium dichromate, 
and with sodium hydroxide was also exposed to ultraviolet light for 45 
hours. Treatment of the fabric with 0.2906N calcium hypochlorite or with 
O.lOOON or 0.2000N sodium hydroxide for 2 hours at 25°C. provided some 
protection to degradation by ultraviolet light as measured by its wet 
strength. Upon exposure to ultraviolet light for 45 hours, fabric treated 
with 0.25 per cent alkali alkyl sulfate, 1 per cent formaldehyde, or 
0.lOOON potassium dichromate lost 47, 38, or 50 per cent of its wet 
strength. 
The woven nylon has been shown to be resistant to oxidants at room 
temperature, to be less resistant to oxidants in the presence of an inor-
ganic acid, to be quite resistant to dry heat but not resistant to saturated 
steam at a temperature greater than 138°C ., and to be degraded appre-
ciably with ultraviolet. 
THE DATA, DESIGN, AND SPECIFICATIONS FOR A PLANT TO 
PRODUCE XYLOSE FROM CORNSTALKS1 
BURNETT GEORGE FIRSTENBERGER 
From the Department of Chemical Engineering, Iowa State College 
In recent years, considerable research has been directed toward the 
utilization of agricultural waste products. The Department of Chemical 
Engineering and the Engineering Experiment Station of Iowa State 
College have done a great deal of work on developing uses for agricultural 
wastes, particularly cornstalks and corncobs. Among the products that 
have been studied is the interesting sugar, xylose, the product of mild 
hydrolysis of the pentosan fraction of the plant material. Until recently, 
xylose has been classed as a rare sugar and has been produced in very 
small quantities for use in bacteriological investigations and other fields 
of research. However, in view of the many possible uses for the product, 
it seemed advisable to develop a process for producing it on a large scale 
from cornstalks. 
Detailed ·studies were made to determine the proper conditions for 
hydrolysis. Sulfuric acid was found to be most satisfactory as a catalyst 
for the process, and a ratio of cornstalks to acid solution of 0.10 gave 
the best results. In order to arrive at the optimum conditions of pressure, 
time of hydrolysis, and acid concentration, a number of tests were made 
in which one variable was allowed to vary over a definite range while 
the others were kept constant. The yield of xylose from each test was 
determined by the standard iodimetric method of analysis. Upon exam-
ining the data obtained in this way, it was possible to arrive at the optimum 
conditions for carrying out the process. It was found that there were 
several combinations possible: 
Pressure Acid Concentration Time 
p .s.i. N. hours 
20 0 . 40 2 .0 
30 0.20 2 .0 
40 0.20 1 .0 
40 0 .10 2 .0 
I 
After the optimum conditions for hydrolysis had been decided upon, 
the next step was to examine methods of removing the xylose extracts 
from the cornstalks. Several methods were studied, and the counter-
current method of extraction was found to be best adapted to this process. 
One acid hydrolysis was found to be sufficient for each batch of corn-
1 Original thesis submitted December 15, 1942. Doctoral thesis number 704. 
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stalks; and two washes, after the original extract had been drained, were 
found to be adequate. In the countercurrent system of washing, the 
first washing from each batch was used in making up the following batch 
for hydrolysis. Enough sulfuric acid was added in each case to make up 
the desired acid concentration. The second washing from each batch was 
used for the first washing of the next batch. By continuing in this manner, 
xylose concentrations were built up from 3.61 per cent for the first batch 
to 5.07 per cent for the fifth. 
Various methods of purifying the syrups were studied in order to 
produce syrups which could be crystallized. Best results were obtained 
by using a combination treatment with phosphoric acid and activated 
carbon. . 
The process which was used in producing xylose from cornstalks on 
the pilot plant scale, is described as follows: Baled cornstalks were 
brought from storage and were shredded in a rod mill. As they were dis-
charged from the rod mill, they passed through a trommel screen ~here 
they were washed free of dirt and water soluble materials. The clean 
shredded stalks were then transferred to a pressure cooker, covered with 
water, and digested under a pressure of 20 pounds per square inch for 2 
hours. After the digestion, the cooker was "blown off" and the liquid was 
allowed to drain. The stalks were washed thoroughly with cold water, 
and were removed from the cooker. In order to remove the excess water 
present, they were then pressed in a hydraulic press and were dried in a 
cabinet drier. Following the above treatment of the stalks, hydrolysis 
was carried out by cooking them with 0.2 normal sulfuric acid at 40 pounds 
per square inch pressure for 1 hour. The extract from the acid hydrolysis 
was drained off, and the stalks were washed using the countercurrent 
method as described before. Calcium carbonate was then added slowly 
to the acid extract until the pH became 5.2, and the calcium sulfate formed 
was filtered off. The sugar solution was given a treatment with partially 
spent activated carbon to remove objectionable impurities, and was then 
concentrated by evaporation in a vacuum evaporator to a specific gravity 
of 1.2 (measured at 20 degrees centigrade) . Ortho phosphoric acid was 
added to this syrup until the pH became 4.0. A flocculent precipitate 
formed which carried down. a considerable amount of the impurities 
present. The syrup was then filtered to remove this precipitate together 
with the calcium sulfate which had precipitated during the evaporation. 
At this point the syrup was given a second treatment with fresh activated 
carbon to remove color produced by caramelization in the evaporator. 
Further concentration was carried out in a small evaporator to a specific 
gravity of 1.36 (measured at 50 degrees centigrade), and the syrup was 
then placed in a crystallizer, and the temperature was lowered gradually 
until crystallization occurred. The crystals were then separated, washed, 
and dried in an oven at low temperature. 
Using data obtained in the operation of the pilot plant, a large plant 
was designed to produce 1,000 pounds of xylose per day. The capital 
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investment required for this plant is $104,742. By cost accounting this 
plant, it was found that the cost of producing the XYlose from cornstalks 
was 18.8 cents per pound in the purified syrup form and 24. 7 cents per 
pound in the crystalline form. Allowing 30 per cent for distribution, and 
profits, the xy lose as syrup could be sold for 27 cents per pound and the 
crystalline xylose for 35 cents per pound. 
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THE DETERMINATION OF ETHYL ALCOHOL IN THE BLOOD AND 
TISSUES, ITS ABSORPTION AND DISTRIBUTION, AND ITS EF-
FECT UPON SOME OF THE BLOOD CONSTITUENTS OF THE RAT1 
VELMER BERNEL FISH 
From the Department of Chemistry, Iowa State College 
A search of the literature revealed no method which was convenient 
for the determination of alcohol in the blood of rats in the experiments 
which were to be made. Several methods were devised for the proposed 
work . 
. . . . . A .nll,crQ me.thod was developed for the determination of alcohol in 
the blood using samples of 0.1 or 0.05 ml. of freely flowing or oxalated 
blood. 
The blood sample was diluted with about 10 ml. of distilled water 
and placed in a 50 ml. distillation flask of the Kjeldahl type. One ml. of 
a 10 per cent solution of sodium tungstate and 1 ml. of a mercuric sulfate-
sulfuric acid solution were added in order. The mixture was then dis-
tilled, and the first 5 ml. of distillate were collected in a 22 X 175 mm. 
pyrex test tube. To this distillate were added 1 ml. of 0.0434 N potassium 
dichromate and 5 ml. of concentrated sulfuric acid. The solution was 
thoroughly mixed and allowed to stand for 10 minutes or more. The 
excess dichromate was then titrated with a solution of methyl orange 
and ferrous sulfate in 60 per cent sulfuric acid. A blank determination 
was made using 5 ml. of water instead of the distillate. After a sample 
or the blank had been titrated to the end point, 1 ml. of the standard 
dichromate was added and the solution again titi:.ated to the end point. 
The latter titration serves to standardize the reducing. solution. The blank 
corrects for reducing substances present in the sulfuric acid. One ml. of 
0.0434 N dichromate is equivalent to 0.5 mg. of ethyl alcohol. From these 
data the alcoholic concentration of the blood may be calculated. 
The apparatus used in this method has been described and is very 
convenient. The method gave very accurate results and good recovery 
of alcohol from standard solutions. The preparation of these standard 
alcohol solutions has been described. 
A method was developed for the analysis of tissues for alcohol. 
The tissues were removed and placed in weighed 150 ml. extraction 
flasks. A small piece of solid carbon dioxide was placed in each flask 
to cool the tissue. The fl.asks containing the tissue were weighed again 
after reaching room temperature. The tissues were covered with a solu-
tion of 10 per cent tartaric acid in half saturated picric acid and then 
were stored in a refrigerator until the analysis could be completed. 
The alcohol was removed by steam distillation using a special ap-
_paratus . . The . apparatus was so constructed that the tissue could be 
'Original thesis submitted December 15, 1942. Doctoral thesis number 703. 
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minced and the alcohol removed by steam distillation without removing 
the tissue from the flask. The distillate was collected in a volumetric 
flask of such a size that. an aliquot of 5 or 10 ml. contained not more than 
0.45 mg. of alcohol. The aliquot was diluted to 10 ml. and treated 
with sodium tungstate and mercuric sulfate-sulfuric acid solutions as 
in the analysis of blood. The procedure used in the remainder of the 
analysis was the same as that used for blood. 
Micro modifications were made of standard methods used in the 
analysis of blood for glucose, uric acid, and nonprotein nitrogen. The 
methods were modified in order to carry out the determination using 
0.1 ml. or less of blood. 
A series of experiments was conducted in order to determine the 
distribution of alcohol in various tissues following the oral administra-
tion of 2.5 grams of alcohol per kilo body weight to fasted rats. The 
distribution was studied 30 minutes, 2 hours, and 4 hours following the 
administration of the alcohol. The amount of substances present in the 
tissues of rats receiving no alcohol, which reacted as alcohol in the de-
termination, was determined. 
Since the amount of alcohol present in the tissues depends upon 
the amount of absorbed alcohol, the actual concentration in the tissues 
depends upon the rate at which it is absorbed from the digestive tract. 
The rate of absorption varied between individual animals, hence the 
actual amount of alcohol in the tissues also varied, The· ratio of the con-
centration of alcohol in the tissues to that in the blood was quite constant 
in the various cases st~d. This ratio remained almost constant during 
the period of time from 1.5 t@· 3 noutt-follo:w:ing the oral administration 
of 2.5 grams of alcohol per kilo to fasted rats, The raticr.rfourul fqr that 
period for some of the tissues studied were as follows: lungs and spleen, 
0.80; kidneys, 0. 75; liver and muscle, 0. 70; brain and heart, 0.60; testes, 
0.55; pancreas, 0.50; and bone, 0.30. 
Most of these ratios had decreased somewhat at 4 hours following 
the administration of the alcohol. Those tissues which showed the most 
constant ratios after the distribution of the alcohol was complete were: 
the spleen, kidneys, muscle, and lungs. 
The absorption of alcohol into the blood following the oral administra-
tion of 2.0 and 2.5 grams of alcohol per kilo body weight was studied. 
These experiments were made using fasted and unfasted rats. The effects 
of habituation to alcohol were studied, and it was found that habituation 
had no influence upon the absorption of alcohol from the digestive tract . . 
Average blood alcohol curves were obtained. It was found that 2.5 grams 
of alcohol per kilo occasionally caused pylorospasms which delayed the 
absorption of the alcohol. Average curves were given excludfu~. those 
rats which showed pylorospasms while other average curves were given 
including all rats studied under similar conditions. 
The influence of some substances administered with alcohol upon 
the absorption of the latter into the blood was studied. Whole milk, skim 
milk, cream (50 per cent butterfat), and glucose were studied. Whole 
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milk and cream had a marked inhibitory action on the absorption of the 
alcohol from the digestive tract. The other substances studied had very 
little or no effect. 
Various amounts of alcohol were injected intraperitoneally, and the 
resulting concentration of alcohol in the blood was determined. It was 
shown that a maximum concentration of alcohol in the blood was reached 
within 15 to 20 minutes following the injection of the alcohol. The ad-
ministration of 1.86 grams of alcohol by injection was the highest level 
of injection which could be easily studied. The injection of 2.5 grams 
of alcohol per kilo caused the development of coma and a fall in blood 
pressure which made it difficult to obtain satisfactory samples. 
The influence of continued ingestion of alcohol upon growth and feed 
consumption was studied. Alcohol solutions containing 1.0, 5.0, and 10 per 
cent alcohol were compared with distilled water in the growth and feed 
consumption studies. The ingestion of 10 per cent alcohol caused a dimin-
ished growth rate during the first month of the experiment. The other 
solutions showed little effect upon growth. The continued ingestion of 
10 per cent alcohol over a period of several months resulted in a poor 
nutritional state of the female rats studied. 
It was found that no changes followed the ingestion of 10 per cent 
alcohol in the concentration of hemoglobin, uric acid, or nonprotein 
nitrogen. There was, however, a slight decrease in blood sugar concen-
tration following a 36-hour fasting period. This is explained by the fact 
that the ingestion bf alcohol causes a fatty infiltration of the !iv.er. This 
causes a dimiriished ·glycogen store, hence a lowered blood sugar level 
following a fasting period,pf .36 .hours. 
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THE EFFECT OF VARIATION IN MASHING PROCEDURES UPON 
THE ALCOHOLIC FERMENTATION OF CORN1 
FRANK BENJAMIN FOLCKEMER 
From the Department of Chemistry, Iowa State College 
INTRODUCTION 
The production of ethanol by fermentation has become of vital im-
portance in this nation's war effort. Enormous quantities of ethanol are 
used or will be used in the manufacture of munitions and synthetic rubber. 
The chief raw materials for fermentation now available in the United 
States are the grains, since blackstrap molasses, which was formerly most 
extensively used, is no longer imported in large quantities because of 
shipping restrictions. Before grain can be fermented by yeast, the starch 
must be converted to sugars. Enzymes, either from barley malt or from 
mold preparations, may be used to bring about this saccharification. The 
treatment of the grain mash before and during saccharification affects 
considerably the final yield of ethanol, and various methods of handling 
the mash prior to fermentation constituted the subject of this investigation. 
METHODS 
Variations of three methods of preparing corn mashes for fermenta-
tion were investigated. The first method was rapid cooling of the cooked 
mashes from 100° C. to 55° C. by the addition of cold water containing 
the saccharifying agent. The mashes were saccharified at 55° C. for 
lengths of time varying from 2 minutes to 3 hours. The second method 
was a two-stage procedure, and consisted of thinning the mash by adding 
a small portion of the saccharifying agent at 70° to 80° C., followed by 
saccharification at 55° or 30° C. by a second portion of saccharifying 
agent. The third method involved the use of hydrochloric acid or sulfuric 
acid for thinning the mashes. Twenty-two per cent mashes were cooked 
with 0.04 normal acid for 1 hour at a steam pressure of 15 pounds per 
square inch. Fifty per cent mashes were cooked with 0.08 normal acid 
under the same conditions. The latter mashes were cooled rapidly from 
100°C. to 55°C. by the addition of sufficient cold water to produce a final 
concentration of 22 per cent corn. The pH in each case was adjusted to 
5.0 before saccharification. All mashes were treated with a saccharifying 
agent before being fermented. 
"In this investigation all mashes were cooked in an autoclave for 1 
hour at a steam pressure of 15 pounds per square inch. Mashes were 
saccharified by malt and by mold-bran, which is an amylase preparation 
produced by growing a strain of Aspergillus oryzae on wheat bran. The 
mashes at the time of inoculation consisted of 50 grams of corn in 225 ml. 
of water. Each flask of mash was inoculated with 20 ml. of a 24-hour cul-
1 Original thesis submitted May 29, 1943. Doctoral thesis number 717. 
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ture of a strain of Saccharomyces cerevisiae, and was then incubated at 
30° C. for 80 to 90 hours. The ethanol content was determined by dis-
tilling the fermented mash and collecting the first 100 ml. of distillate. 
The specific gravity (25° / 25° ) of the distillate was determined and the 
ethanol content was read from tables. The ethanol yields obtained were 
calculated as the percentage of that theoretically obtainable from the 
starch originally present. 
Comparative viscosities of representative mashes following sacchari-
fication were determined by measuring the drainage time of 100 ml. of 
the mash from a pipette with an enlarged tip. The drainage time divided 
by the drainage time for pure water was referred to as "specific viscosity." 
RESULTS 
Rapid cooling of the mashes resulted in an increase in ethanol yields 
of as much as 4.5 per cent in some cases when the mashes were sacchari-
fied by malt, and reduced the amount of malt required by about one-third. 
A saccharification period of 2 minutes at 55° C. was as satisfactory as a 
period of 1, 2, or 3 hours. Mold-bran was not as effective as malt for 
saccharifying rapidly cooled mashes. The quick-cooling process was the 
poorest of the three mashing procedures investigated. The mashes were 
not well thinned, and on fermentation gave comparatively low ethanol 
yields. The highest yield was 87.7 per cent of theory, from mashes 
saccharified for 1 hour at 55° C. by a malt concentration of 6 per cent of 
the weight of corn. 
The two-stage mashing procedure was satisfactory when a small 
amount of malt was added to the mashes at 70° to 80° C. Two grams of 
malt per 100 grams of corn were better than 1 or 3 grams of malt. Mold-
bran had no thinning effect when used in this manner. Best results were 
obtained when thinning took place at 75° or 80° C. Mashes thinned at 70° 
C . gave slightly lower ethanol yields upon fermentation, while those 
treated at 85° C. were quite viscous and fermented poorly. 
Mold-bran was better than malt for the saccharification stage of two-
stage mashing, and resulted in about 3 per cent higher yields of ethanol. 
A quantity of mold-bran equal to 5 per cent of the weight of the corn 
resulted in an ethanol yield of 91.5 per cent of theoretical. The best yield 
using malt was 88.2 per cent of theoretical, at a malt concentration of 
8 per cent. 
Both hydrochloric acid _and sulfuric acid, at a concentration of 0.04 
normal, thinned 22 per cent corn mashes readily upon cooking for 1 hour 
at 15 pounds per square inch steam pressure. Mold-bran was much better 
than malt for the saccharification of these mashes. Mashes thinned with 
0.04 normal hydrochloric acid upon fermentation gave about 2 per cent 
higher yields of ethanol than did those thinned with 0.04 normal sulfuric 
acid. 
Fifty per cent corn mashes which were cooked with 0.08 normal acid 
for 1 hour at a steam pressure of 15 pounds, and then diluted to a con-
centration of 22 per cent corn, were quite fluid. These mashes gave 
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better ethanol yields than did mashes thinned with 0.04 normal acids, 
and required less saccharifying agent. Rapid cooling of the acid-thinned 
mashes did not increase the ethanol yields. Mold-bran was superior to 
malt for the saccharification of mashes thinned with 0.08 normal acids. 
The highest ethanol yield obtained was 93.8 per cent of theory, from 
mashes thinned with hydrochloric acid and saccharified by 3.5 per cent 
mold-bran. Sulfuric acid was as effective as hydrochloric acid at a con-
centration of 0.08 normal, in the case of mashes saccharified by mold-
bran. Hydrochloric acid was much the better for mashes saccharified by 
malt, and resulted in about 5 per cent higher ethanol yields. 
Calcium carbonate, as well as sodium carbonate, was used to neutral-
ize mashes thinned with 0.08 normal acids. Fermentation results with 
calcium carbonate as the neutralizing agent were equal to those with 
sodium carbonate in the case of mashes thinned with hydrochloric acid. 
Ethanol yields were slightly lower with calcium carbonate than with 
sodium carbonate as the neutralizing agent in the case of mashes thinned 
with sulfuric acid. 
The highest ethanol yields obtained in this investigation, amounting 
to 93.8 per cent of theory, were from mashes thinned with 0.08 normal 
hydrochloric acid, adjusted to pH 5.0 with sodium carbonate solution, 
and saccharified by mold-bran. Yields were about 2 per cent higher than 
any produced by two-stage mashing, and about 6 per cent higher than 
the highest yield obtained from quickly cooled mashes. 
No correlation was found between the specific viscosity of a sacchari-
fied mash and its fermentability by yeast. 
CHARACTERIZATION OF COMPONENTS OF STARCH1 
JOSEPH FRANKLIN FOSTER 
From the Department of Chemistry, Iowa State College 
The heterogeneity of starch has long been recognized. However the 
numerous attempts to obtain definite fractionation have resulted in much 
confusion due, primarily, to the lack of methods for characterizing these 
fractions. The recent introduction of a branching concept for the starch 
molecule2 has enabled Meyer3 to clarify the situation considzrably. 
The hot water extraction of granular starch has been shown to- yield a 
soluble component (amylase) consisting essentially of linear molecules 
and an insoluble component (amylopectin) which is apparently highly 
branched. 
Two methods of fractionation have recently been developed which 
apparently give much sharper separations: (a) selective adsorption of the 
amylase component on cotton4 and (b) precipitation of amylase as a 
complex with n-butanoF'. Furthermore, the development of an iodine 
titration method0 indicates amylase to be a definite and sharp component 
of starch and provides a method for its determination in any given starch 
or starch fraction. 
Differentiation between these components on the basis of branching 
has been based principally on results of methylation and analysis of the 
methyl-glucoses arising upon hydrolysis. These results can be severely 
criticized inasmuch as the available methods for separating the methyl-
glucoses are poor. Recent advances in the theory of solutions of high 
polymers7 suggest the possibility of utilizing solution viscosity and 
osmotic pressure studies in more thoroughly characterizing the compon-
ents of starch. This mode of attack has been utilized in this investigation. 
Gsmotic pressure measurements were carried out on the acetates 
of corn amylose (prepared by the butanol method), corn amylopectin," 
waxy maize starch, tapioca amylase, and the ~-amylase limit dextrin from 
waxy maize. Chloroform was used as solvent. The determination of 
osmotic pressures in organic solvents is attended with numerous experi-
mental difficulties. Chief among these is the choice of a suitable 
membrane material. Several materials were tried in these studies, 
ordinary parchment proving most satisfactory. A simplified form of the 
Hepp micro-osmometer was designed and found to be fairly satisfactory; 
however, suggestions are given for its improvement. 
1 Original thesis submitted March 16, 1943. Doctoral thesis number 713. 
' Staudhf er and Husemann, Ann., 527, 195 (1937). 
' Meyer, Natural and synthetic high polymers, pp. 387-417, Interscience Pub-
lishers, Inc., New York (1942). 
' Pacsu and Mullen, Jour. Am. Chem. Soc., 63, 1168 (1941). 
' Schoch, ibid., 64, 2957 (1942). 
• Bates, French, and Rundle, ibid., 65, 142 (1943) . 
' Mark, Physical chemistry of high polymers, Interscience Publishers, Inc., New 
York (1940) . 
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The graph of P / C vs. C for corn amylose is linear with positive 
slope as predicted theoretically for a linear polymer. The molecular size 
as calculated from the limiting value of P / C is 250 glucose units. The 
same plot for corn amylopectin is much steeper and shows evidence of 
curvature so that the limiting value cannot be ascertained with certainty. 
However, the molecular weight is at least four times as great as that of 
corn amylose and probably much larger. 
Solution viscosities were measured over the concentration range 0- 0.8 
per cent using anhydrous ethylenediamine as solvent. This is probably 
the best dispersing medium available for starch and its components. A 
few amylopectins failed to give clear solutions. 
The viscosity-concentration behavior of the amyloses resembles 
very markedly that of known linear polymers giving added evidence of 
the linear nature of amylose. Synthetic starch shows increased polymer-
polymer interaction, possibly due to the presence of polar groups in the 
molecule. Due to the method of synthesis (from glucose-I-phosphate) 
phosphate groups would be expected. 
In spite of its much highel' molecular weight corn amylopectin has 
only a slightly higher limiting viscosity than corn amylose. This sug-
gests a more compact structure for amylopectin, probably branching. 
The steeper P / C vs. C plot. would also be predicted on a theoretical 
basis for a branched molecule. 
Const.ruction of a Fisher-Hirschfelder model of amylose emphasizes 
its inability to kink randomly as do the simpler polymers. For this reason 
the Staudinger equation relating intrinsic viscosity and molecular weight 
cannot be expected to hold in this case. The equation 
[ 'Yls1/ CJ c=o = 0.07 + 1.2 X 10-4nl. 6 
is suggested for the amylose series, n being the number of glucose units 
in the chain. The additive constant, 0.07, is equivalent to the Einstein 
constant for spherical molecules and was evaluated from the limiting 
viscosity of the Schardinger ~-dextrin. This constant also corrects for · 
solvation. The multiplicative constant takes care of the length of the 
chain per glucose unit while the exponential depends on the randomness 
of kinking. 
The molecular weights of the various amyloses as calculated from 
Material 
Potato amylose ....................... . . 
Tapioca amylose ..... ... . ...... . .. . . . .. . 
Lily amylose . .... . .. . .. . .. . .. . . . ...... . 
Corn amylose ....................... . . . 
Corn "crystalline amylose" . . . .. ......... . 
Corn amylose (hot water extraction method) 
Synthetic starch .............. . ........ . 
Amylodextrin fraction No. 3 . . .......... . . 
Amylodextrin fraction No. 4 .... . ... . .... . 
Molecular Size 
(Glucose units) 
500 
450 
310 
250 
175 
115 
85 
44 
31 
Characteristic 
Potential (mv.) 
0 .197 
. 200 
. 202 
.203 
.205 
.204 
. 218 
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the above equation are summarized in the Table and compared with the 
potentials at which the materials take up iodine in the titration pro-
cedure6. There is obviously a close relationship between the affinity 
for iodine and the chain length. To explain this a new concept of the 
stability of the amylase-iodine complex is presented, viz., that it is due 
primarily to resonance interaction between iodine molecules oriented end 
to end in the amylase helices. This picture further explains qualitatively 
the intense blue color of the complex. Partial precipitation of amylase 
with iodine shows that the latter tends to saturate the amylase molecules 
successively rather than distributing uniformly as would be expected 
if the stability were due to interaction between amylase and iodine. 
The variation in molecular size of corn amylase prepared by the 
various methods is of interest. Extraction with hot water removes 
preferentially the shorter chains as expected, while butanol precipitates 
the larger molecules. The "crystalline amylase," prepared by a combina-
tion of hot water extraction and butanol precipitation,8 has an inter-
mediate molecular weight. 
That waxy maize starch is essentially pure corn amylopectin is 
indicated by both its viscosity and osmotic behavior. The extremely 
low viscosity of the limit dextrin from waxy maize starch can be ex-
plained only on the basis of an essentially spherical molecule. Since the 
limit dextrin is apparently formed through the digestion of the free 
outer branches of the original material, this indicates waxy maize starch 
(and hence corn amylopectin) to have an essentially spherical, three-
dimensional, netlike rather than herring-bone type of branched structure. 
8 Kerr and Severson, Jour. A m. Chem. Soc., 65, 193 (1943). 
THE ISOLATION OF AEROBIC CELLULOSE-DECOMPOSING 
ORGANISMS AND THEIR ACTION ON CELLULOSE 
AND ASSOCIATED PLANT CONSTITUENTS1 
WALLACE H. FULLER 
From the Department of Agronomy, Iowa State College 
Cellulose undoubtedly exerts some influence on the fertility of soils, 
since it is the major plant constituent entering the soil. The exact fate 
of cellulose in soil is not known, although cellulose is observed to de-
compose rapidly when in contact with moist soils. 
Many experiments have been conducted in an attempt to determine 
the nature of cellulose decomposition as it would occur under natural 
circumstances, but few have been particularly enlightening, principally 
because of incomplete knowledge regarding the characteristics of the 
agents causing cellulose decomposition, the aerobic cellulose-decompos-
ing organisms, and because most of the studies have been carried out on 
unnatural substrates, such as filter paper. Cellulose in plants is usually 
associated with other constituents that must exert some influence on its 
decomposition. Cellulose is not the same in all plants or even in the same 
plant at different stages of maturity. · 
The purpose of this investigation was to study the decomposition of 
cellulose, both alone and in the presence of other plant constituents, by 
pure cultures. In order to fulfill this purpose the following objectives 
were carried out: (1) Cellulose dextrins were prepared and used for the 
isolation of some aerobic mesophilic cellulose-decomposing organisms 
from the soil. (2) The characteristics of the. cellulose-decomposing organ-
isms were examined. (3) The decomposing ability of the organisms was 
studied on filter paper, cornstalk cellulose, and jute cellulose. (4) The 
influence of the presence of cellulosan (principally xylan), polyuronide 
hemicelluloses, and lignin on ·the extent of cellulose decomposition was 
investigated by subjecting various preparations of cornstalk cellulose and 
jute fiber to the activity of aerobic cellulose-attacking bacteria. 
The isolation of some aerobic mesophilic cellulose-decomposing bac-
teria was accomplished by the use of water-insoluble cellulose dextrin 
agar medium. The production of a halo formation around restricted 
colonies on the opalescent medium served positively to identify active 
cellulose-decomposing bacteria, including the less versatile cytophagas. 
w·ater-insoluble cellulose dextrins, ranging in average chain length 
from 75 to 25 anhydroglucose units, were prepared by hydrolyzing cellu-
lose in cold 72 per cent sulfuric acid for 112 to 5 hours, respectively. No 
one dextrin preparation in agar medium was found to have an advantage 
over the others for plating cellulose-decomposing organisms. 
Suspensions of Clarion and Fayette silt loam of various dilutions 
' Original thesis submitted August 17, 1942. Doctoral thesis number 681A. 
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were plated, using dextrin agar media. The results indicated that the 
dextrins are useful for enumerating cellulose-decomposing organisms of . 
the soil. The most desirable concentration of the dextrin in agar media 
was 0.1 per cent. 
The cultures of aerobic mesophilic bacteria that were characterized 
ivdude three species of cytophaga similar to the original Spirochaeta 
cytophaga, five cultures belonging to the genus Cellulomonas, and one 
culture classed in the order of M yxobacteriales: Except for the cyto-
phagas and one culture of the genus Cellulomonas, the different organ-
isms were capable of utilizing a wide variety of carbon sources, includ-
ing the simple sugars, glucose, xylose, maltose, -galactose, and the more 
complex substances, starch, cellulose, hemicellulose, pectin, and calcium 
gluconate. All cultures used yeast water extract and peptone as well as 
ammonia and nitrate as sources of nitrogen. 
All the cultures decomposed the isolated plant cellulose far more 
extensively than extracted cellulose low in xylan or filter paper. This 
was particularly the csse when the preparations were subjected to at-
tack by those cultures that could use the extracted cellulose or filter 
paper only to a limited extent. The decomposition of the isolated cellulose 
by the pure cultures decreased in the following order: cornstalk cellu-
lose (28 per cent xylan) > jute cellulose (15 per cent xylan) =extracted 
cornstalk cellulose (12 per cent xylan) > extracted cornstalk cellulose 
(7 per cent xylan) =filter paper (no xylan). 
The portion of the xylan associated with cellulose that was most 
easily extracted by alkali was preferentially decomposed by all cultures 
and prnmoted the attack on the true cellulose, whereas the portion of 
xylan that resisted removal by prolonged acid c:..nd alkali treatments also 
resisted biological attack and was removed only concurrently with the 
cellulose. This indicates that the influence of the xylan on cellulose decom-
position is as much a matter of the nature of the xylan as the amount. 
The similarity between the hydrolysis of xylan in cellulose by dilute 
acids and the enzymatic action of bacteria was pointed out. The explana-
tion for the resistance of a small portion of xylan to both acid hydrolysis 
and biological activity may be the same. All xylan does not appear to have 
the same chain length. If this is the case, it would be logical to suspect 
that the xylan having the shortest chain length would be both the most 
easily hydrolyzable by acids and the most available to biological attack. 
Another possibility for the resistance of a small portion of the xylan in 
cellulose is that mixed chains of xylose and glucose may occur, arranged 
in such a fashion that a chain of anhydroxylose units is connected to a 
chain of anhydroglucose units. The portion of the xylan so constituted in 
long chains with glucose would be likely to resist extraction by alkali 
and hydrolysis by acid solution, as well as resist biological attack. The 
anhydroxylose units would be oriented along with anhydroglucose units, 
and one could be removed only concurrently with the other. 
The preferential attack on about 70 per cent of the xylan in cornstalk 
cellulose, together with the fact that, when alone, the decomposition of 
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true cellulose is difficult to initiate unless large mass inoculations are 
. used, indicate the initial attack on cellulose may not be energy-yielding, 
thus supporting the theory that this attack is hydrolytic and not oxidative. 
In addition, these findings indicate that the exoenzyme system is rather 
restricted and becomes active only when the organisms are in close prox-
imity to the fiber. The last point is also supported by the fact that at no 
time has the decomposition of cellulose been shown to occur in the 
absence of the organism by press juice. These studies clearly demon-
strate that the mechanical and physical properties of the plant material 
and the architectural arrangement of the plant constituents in the natural 
fiber are of utmost importance in decomposition. 
Lignin retards the decomposition of cellulose, especially when pres-
ent in large amounts. The amount of lignin in plant material necessary 
to retard cellulose decomposition cannot be fixed at a definite value since 
lignin is not homogeneous, but varies with plants of different species 
and even with the same plant at different stages of maturity. The decom-
position of the cellulose in the jute preparations by the most active 
cultures was only seriously decreased when the lignin content was about 
6 per cent or greater. On the other hand, the attack on cellulose by the 
less active cultures was only noticeably decreased when the lignin content 
of the jute preparations was 12 per cent. 
If the theory that lignin aids in the conservation of nitrogen in the 
soil by immobilizing protein and ammonium and retarding cellulose 
decomposition is correct, the amount of lignin in the plant materials 
sufficient to retard cellulose decomposition has practical applications that 
deserve attention. 
IDENTIFICATION OF CLAY MINERALS IN SOME IOWA AND 
NEW ENGLAND SOIL PROFILES1 
JAY LAMAR HADDOCK 
From the Department of Agronomy, Iowa State College 
The chemical constitution and thermal curves of five common clay 
minerals were studied by Le Chatelier (3) as early as 1887. However, 
it was not until 1930, when Hendricks and Fry (2) demonstrated that 
soil-mineral colloidal material consisted largely of clay· minerals, that 
widespread interest developed in the identification and characterization 
of clay minerals and soil colloids. X-ray and optical studies and complete 
chemical analyses have been the methods most frequently used in the 
identification of pure clay minerals. These procedures are of much less 
value in the identification of clay minerals as they occur in agricultural 
soils, intermixed with other clay minerals, hydrous oxides of iron, amor-
phous materials, and organic matter. It has been shown that certain 
indirect methods may be useful in identifying clay minerals, alone or in 
mixtures. 
This investigation was an attempt to apply several indirect methods 
of clay mineral identification to the colloidal clay fraction of five Iowa 
and five New England soil types. In order to make studies of the thermal 
reactions of soil clays it was necessary to construct apparatus suitable for 
this work. Satisfactory equipment was assembled, patterned after that 
used by Norton (4). 
Studies were conducted on soil colloids extracted from the following 
Iowa soils: four horizons in Grundy silt loam, three in Weller silt loam, 
three in Clarion loam, and one each in Webster silty clay loam and Tama 
silt loam. An attempt was made in this selection to obtain soil types which 
had developed from different parent materials and under several differ-
ent vegetative covers. Curves obtained by the application of the thermal 
method to soil colloids extracted from these soils gave unmistakable 
evidence that montmorillonite was the predominating clay mineral in 
Iowa soils. Since it was not possible to identify illite by the thermal 
method in clay mineral mixtures containing montmorillonite and kaolin-
ite, the suggestion of Alexander, Hendricks, and Nelson (1) was fol-
lowed in identifying this mineral. Chemical determinations were made 
of the nonexchangeable potash content of soil colloids and the illite 
content calculated on the assumptions that (A) all nonexchangeable 
potash is contained in illite, and (B) illite contains on the average 4 
per cent potash. 
The percentage composition of the various minerals in the soil colloid 
were estimated from the potash content and the relative sizes of their 
endothermic reactions when compared with similar endothermic reac-
' Original thesis submitted October 31, 1942. Doctoral thesis number 688A. 
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tions obtained from pure minerals. Actual base-exchange capacity deter-
minations were obtained for each soil colloid sample. These actual values 
were compared with calculated values based on the assumption that 
montmorillonite had a base-exchange capacity of 100, illite 30, and 
kaolinite 10 M.E./ 100 grams of colloid. The agreement between the two 
sets of values was good. There were only two comparisons·whi-ch ·var-ied 
more than 6 M.E./100 grams of colloid. 
Studies were conducted on soil colloids extracted from the following 
New England soils: two horizons in Hadley very fine sandy loam, three 
in Agawam fine sandy loam, five in Merrimac fine sandy loam, three in 
Paxton fine sandy loam, and three in Gloucester fine sandy loam. Thermal 
curves obtained from the colloids of these soils indicated the presence of 
considerable illite. This suggestion was confirmed by chemical analyses 
which revealed the presence of nonexchangeable potash averaging ap-
proximately 2.25 per cent potash. Since these soil colloids contain on the 
average more than 60 per cent illite, it is expected that they will react 
in the same way as this clay mineral. A comparison of the actual base-
exchange capacities of these soil colloids with calculated exchange capa-
cities revealed close agreement except when extracted surface soil colloids 
were compared. A pronounced characteristic of the New England soil 
colloids was the presence of two minor minerals, goethite and gibbsite. 
Neither of these was observed in the colloids extracted from Iowa soils. 
It was found necessary to remove free iron from some of the New England 
soil colloids before kaolinite could be identified by thermal analysis. Ap-
parently some hydrous oxides of iron give exothermic reactions over 
the temperature range where kaolinite reacts endothermically. It appears 
necessary to obtain thermal curves on soil colloids similar to those found 
in New England both before and after the removal of free iron. 
Data were obtained on the hydration and dehydration of pure min-
erals and soil colloids extracted from selected soil samples from New 
England and Iowa. These data tend to support the conclusions drawn 
from data on thermal and chemical analyses. 
A brief preliminary study was conducted on the effect of soil particle 
size on the thermal curve. This study indicated that particles smaller 
than 2 microns may be satisfactorily used for thermal analysis. It is not 
known how well thermal curves may be related to chemical analyses and 
hydration studies on soil particles of this size. 
SUMMARY 
1. No single method is available which gives satisfactory results in 
the identification and quantitative estimation of clay minerals in soil 
colloids. 
2. The most satisfactory quantitative estimation of clay minerals in 
soils was made by integrating data from thermal analyses, base-exchange 
capacity, and nonexchangeable potassium determinations. 
3. Satisfactory thermal curves were obtained with simple apparatus 
constructed from standard laboratory equipment. 
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4. Colloids from the five lqwa soils are typified by the mineral 
montmorillonite. These soil colloids contain approximately 60 per cent 
of this mineral, in addition to 30 per cent illite and 10 per cent kaolinite. 
5. Colloids from the five New England soils show considerable vari-
ability but are best characterized by illite. These soil colloids contain 
approximately 55 per cent illite, 20 per cent montmorillonite, 5 per cent 
kaolinite, 5 per cent gibbsite, and 2 per cent goethite. 
6. Thermal curves should be determined on soil colloids similar to 
those from New England both before and after the removal of free iron. 
Treatment for the removal of free iron is apparently unnecessary for soil 
colloids similar to those from Iowa soils. . 
7. Pretreatment methods used to remove organic matter and free 
iron markedly affect the thermal curve and base exchange values. 
8. Satisfactory thermal curves can be obtained on soil samples 
composed of particles smaller than 2 microns in diameter. 
REFERENCES 
1. ALEXANDER, L . T ., s. B. HENDRICKS, AND R. A. NELSON 
1939. Minerals !>resent in soil colloids: II. Estimation in some representative 
soils. Soil Sci. 48: 273-279. 
2 HENI:RICKS, s. B., AND w. H. FRY 
1930. The results of X-ray and microscopic examinations of soil colloids. 
Soil Sd. 39: 457-479. 
3. LE CHATELIER, H. 
1887. -Ober die Konstitution der Thone. Zeitschr. Phys. Chem. 1: 3~02. 
4. NORTON, F. H. 
1939. Critical study of the differential thermal method for the identification of 
clay minerals. Jour. Am. Ceramic Soc. 22: 55-63. 
THE EFFECT OF WORK UPON THE NITROGEN, CALCIUM, AND 
PHOSPHORUS BALANCES OF DRAFT GELDINGS1 
ALFRED LEIGH HARVEY 
From the Animal Chemistry and Nutrition Subsection, Iowa Agricultural Experiment 
Station, Iowa State College 
The primary purpose of the study was to determine the effect of 
work upon the nitrogen balances of draft horses. However, the experi-
mental plan made it possible simultaneously to obtain data on the effect 
of work upon the calcium and phosphorus balances of horses. 
Data were collected in a metabolism experiment on two Percheron 
geldings, 4 and 5 years old, that weighed 1,674 and 1,681 pounds at the 
beginning of the trial. The horses were fed a basal daily ration composed 
of 3 pounds of finely ground oats and 20 pounds of finely chopped hay 
throughout the experiment. During the work periods the gross energy 
of this basal ration was increased by adding sugar and dextrinized corn 
starch as the situation demanded. 
The experiment was of 11 weeks duration-2 weeks preliminary 
maintenance, 8 weeks metabolism, and one week post-work maintenance. 
The metabolism period consisted of maintenance, light, medium, and hard 
work periods, each of 2 weeks duration. 
The collection of excreta was accomplished by the use of especially 
made metabolism stalls and harnesses. Aliquot samples of both urine 
and feces were taken each day for compositing into weekly samples, which 
were preserved and analyzed subsequently for nitrogen, calcium, and 
phosphorus. 
Through the use of a dynamometer, designed and constructed by the 
Iowa State College Agricultural Engineering Department especially for 
this experiment, the amount of work .Performed by each gelding was 
quite readily controlled. During the light, medium, and hard work periods 
the dynamometer was set at 100, 170, and 240 pounds tractive pull, 
respectively. Accordingly, the horses developed 0.56, 0.93, and 1.27 horse-
power during the respective work periods. 
During the preliminary and experimental maintenance periods, the 
daily ration of 3 pounds of oats and 20 pounds of timothy hay was ade-
quate to maintain the weights of both horses. On the other hand, it was 
difficult to maintain their weights during the work periods which fol-
lowed, because, in spite of the use of sugar, the dextrinized corn starch 
could not be made palatable enough to induce the horses to eat it in 
sufficient amounts without running the risk of frequently throwing 
them "off-feed." However, the losses were not large. Bob lost only 86.9 
and Mike 79.1 pounds during the 6 weeks of work. The digestibility of the 
ration appeared to decrease as the amount of work increased to a certain 
point, beyond which no appreciable change was observed. 
1 Original thesis submitted December 17, 1941. Doctoral thesis number 669. 
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The fact that the amount of food nitrogen consumed was always 
greater than the combined output in the feces and urine indicates 
strongly that the daily maintenance ration of 3 pounds of oats and 20 
pounds of timothy hay provided sufficient protein during rest to meet 
the nitrogen requirements of the geldings. This was equally true during 
work, even though the additions of sugar and dextrinized corn starch to 
the basal ration widened the nutritive ratio from 1:10.2 to 1:16.8, 1:21.0, 
and 1:21.9 during the light, medium, and hard work periods, respectively. 
When considered on the basis of nitrogen retained, there is some doubt 
as to the wisdom of narrowing the nutritive ratio of horses simply because 
harder work is being required of them. On the contrary, rations having 
wider nutritive ratios may prove to be as efficient and often more 
economical. 
Both horses were in negative calcium balance throughout the trial, 
which· ·was" urrdoubtedly due to the comparatively low percentage of 
calcium in each of the feeds fed. The timothy hay, the oats, and the corn 
starch analyzed 0.19 per cent, 0.06 per cent, and a trace of calcium, 
respectively. The intakes of calcium were quite uniform, but the outputs 
varied somewhat. Considering the whole trial, Bob retained more of the 
calcium he consumed than Mike. The latter excreted 51 grams more 
calcium than the former while consuming practically the same amount of 
calcium and doing the same amount of work. 
The situation with reference to the phosphorus balance is somewhat 
similar to that of the calcium balance in that the feeds fed were abnormally 
low in phosphorus, and the phosphorus intake was hence insufficient to 
maintain a positive phosphorus balance. The percentage of phosphorus 
in the oats was 0.33 per cent, in the timothy hay 0.15 per cent, and in the 
corn starch 0.01 per cent. The total intake of phosphorus for the trial 
per horse was only 34 grams larger than the total intake of calcium. 
Mike's total output for the whole trial was 355 grams greater than Bob's. 
The average amounts of calcium and phosphorus consumed daily by 
each horse during the maintenance period were 18 grams and 18.29 
grams, respectively; the calcium to phosphorus ratio being 1:1.02. The 
maximum average amounts of calcium and phosphorus were consumed 
by Bob in the second week of hard work when his daily intake of calcium 
was 18 grams and his daily intake of phosphorus was 18.86 grams. The 
calcium to phosphorus ratio was 1:1.05. 
Neither the maintenance ration nor the ration fed the horses at 
work supplied sufficient amounts of calcium and phosphorus to meet 
their requirements. On this basis, it appears probable when horses are 
fed rations as low in calcium and phosphorus as were fed in this experi-
ment that many of them will receive insufficient calcium and phosphorus 
to satisfy their physiological and nutritional needs. 
During this experiment in which the total outputs of calcium and 
phosphorus always exceeded the total intakes, various amounts of work 
did not seem to affect significantly either the calcium or phosphorus 
·balances· of-the horses. 
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In this trial where the horses were in positive nitrogen balance and 
in negative calcium and phosphorus balances, the horses behaved more 
nearly alike with reference to nitrogen and calcium retention, but 
behaved differently with reference to phosphorus retention. The mean 
nitrogen retention (1,417 ± 16 grams, 1 degree of freedom) and the mean 
calcium retention ( - 751.5 ± 12.5 grams, 1 degree of freedom) were 
significantly different from zero. The mean phosphorus retention 
( -687 ± 186 grams, 1 degree of freedom) was not significantly different 
from zero. The data were further analyzed using analysis of variance. 
In no cases were significant differences f<;mnd that were due either to 
the level of work or the reaction of the horses to the level of work. 
SOLVENTS IN ORGANOMETALLIC CHEMISTRY1 
ALBERT HOWARD HAUBEIN 
From the Department of Chemistry, Iowa State College 
A search of the literature for solvents in organometallic chemistry 
reveals that ether is of predominate importance as a solvent in organo-
metallic chemistry. Unfortunately, ether suffers the disadvantage of 
being cleaved by the more. active organometallic compounds. This 
cleavage reaction is of such importance with ether solutions of organo-
lithium compounds that a thorough study seemed necessary. 
In order to undertake such a cleavage study a simple accurate 
method of analysis of solutions of organolithium compounds was need-
ed. A method was devised which consisted of hydrolyzing an aliquot 
and titrating the total base formed. A second aliquot was added to an 
ether solution of benzyl chloride. The organolithium gave immediate 
and quantitative coupling with this organic halide to split out lithium 
chloride. The solution was hydrolyzed and titrated as before. The base 
formed in this hydrolysis was only the inorganic base such as LiOH, 
Li20, and ROLi so that the difference between the first and second 
titration gave the organolithium content of the solution. The analysis 
gave excellent results with all organolithium compounds except methyl-, 
phenylethynyl-, and aryllithium compounds. 
When benzyl chloride reacts with n-butyllithium, bibenzyl, amyl-
benzene, and octane are found as the products. Since no other products 
could be isolated it was decided that a free-radical mechanism could not 
explain this reaction. When alkyllithium compounds were added to the 
benzyl chloride dissolved in ethyl ether, a yellow color flashed through 
the solution. Benzyllithium, a yellow compound, was thought to be form-
ed as a result of this observation according to the following coupling 
equation. 
C0H;;CH2Cl + C2H5Li ~ C6H 5CH2Li + C2H5Cl 
When the coupling reaction was run at -50° the halogen-metal inter-
conversion predominated so that the yellow color was maintained for 
sufficient time to carry out a carbonation reaction with dry ice. A small 
amount of phenylacetic acid was isolated and characterized as the 
p-bromophenacyl ester. The products of this coupling reaction may be 
formed as a result of the following equations. 
C0H 5CH2Cl + C2H;;Li ~ C6H5CH2C2Hs + LiCl 
C6H 5CH2Cl + C2H5Li ~ CoHoCH2Li + C2H5Cl 
C6H 5CH2Cl + CaH5CH2Li ~ CoH5CH2CH2CoH5 + LiCl 
C2H3Li + C2H5Cl ~ C4H10 + LiCl 
Li + C2H5Cl ~ C2H 5Li + LiCl + C4H1o 
1 Original thesis submitted July 14, 1942. Doctoral thesis number 678A. 
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No bibenzyl could be isolated from the reactions with aryllithium 
compounds and benzyl chloride. This adds additional support to the above 
mechanism of the coupling reaction because no halogen-metal inter-
conversion reactions are known between aryllithium compounds and alkyl 
halides. 2 Likewise, methyllithium, which is too unreactive to undergo 
halogen-metal interconversion, does not couple with benzyl chloride. 
This mechanism may be applied to other abnormal coupling reactions 
between organolithium compounds and organic halides. It is not unrea-
sonable to assume that this mechanism might explain the same type of 
reaction found in the coupling of certain Grignard reagents with organic 
halides. 
The cleavage of ethers by organolithium compounds was studied by 
removing an aliquot from time to time and analyzing for the organolithium 
content of the solution by the benzyl chloride analysis. So long as there 
is an excess of ether the presence of an inert solvent has no effect upon 
the rate of cleavage. 
With the exception of isopropyl-, cyclohexyl-, s-, and t-butyllithium 
the cleavage reaction in the presence of excess ether is one of the first 
order, and a rate constant may be calculated. With the above mentioned. 
compounds, however, there is a rapid initial cleavage phase followed by 
a slow cleavage phase. 
The organolithium compound which is the most stable in diethyl 
ether is methyllithium. 0.54 N solution of this compound was found 
to be 0.14Nafter1 year. t-Butyllithium was found to cleave diethyl ether 
the most rapidly, a 0.14 N solution decomposing in 30 minutes at room 
temperature. 
Temperature has a marked effect on the rate of cleavage of ether. 
At room temperature (25°) 18 days were required to cleave a 0.65 N solu-
tion of n-butyllithium, while at reflux temperature, only 10° higher, a 
solution of the same concentration required only 5112 days for complete 
decomposition. 
The aromatic organolithium compounds cleave ethers less readily 
than the alkyllithium compounds. While a 0.4 N solution of n-amyllithium 
is decomposed by refluxing in ether for only 4 days, a 0.4 N solution of 
phenyllithium when refluxed for 30 days was found to be 0.09 N. 
The order of increasing stability of organolithium compounds in 
diethyl ether at reflux temperature was found to be t-butyl < s-butyl = 
isopropyl = cyclohexyl < isobutyl < dodecyl = n-propyl < ethyl < n-
butyl < n-amyl < a-naphthyl < phenyl < p-dimethylaminophenyl < 
p-biphenyl < methyl. This follows roughly the order of decreasing ability 
of these compounds to metalate or to effect halogen-metal intercon-
version.3 
The stability of simple ethers (R20) in the presence of n-butyllithium 
has been found to increase in the order dodecyl < ethyl < isopropyl < 
n-butyl < n-hexyl. In the presence of s-butyllithium the order of in-
2 Gilman and Jones, Jour. Am. Chem. Soc. , 63, 1441 (1941). 
' Gilman, Moore, and Baine, Jour. Am. Chem. Soc., 63, 2479 (1941) . 
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creasing stability was ethyl < n-hexyl < n-butyl, while t-butyllithium 
was more stable in butyl ether than in diethyl ether. 
Although dialkylaminomethyl alkyl ethers are cleaved by Grignard 
reagents,4 organolithium compounds are superior for this reaction in that 
the reaction is more rapid, the yields are greater, and a larger variety of 
compounds can be formed. This ether cleavage reaction gives a means of 
introducing the R2NCHr group into a large number of molecules. The 
diethylaminomethyl group was introduced in this manner in place of 
the lithium atom in p-dimethylaminophenyllithium, in 4-lithiodibenzo-
furan, prepared by metalation of dibenzofuran, and in 5-ethyl-2-lithiocar-
bazole, prepared by the halogen-metal interconversion of 5-ethyl-2-bromo-
carbazole. Unfortunately, the addition of organolithium compounds to 
the anil linkage goes more rapidly than the cleavage of the R2NCH20R 
compounds so that this reaction could not be carried out with such 
compounds as 3-quinolyllithium. 
Halogen-metal interconversion between phenylethynyl chloride and 
n-butyllithium was found to take place. The interconversion of vinyl 
bromide was unsuccessful due to the splitting out of HBr with subsequent 
metalation of the acetylene formed to give acetylenedicarboxylic acid on 
carbonation. o-Bromophenol may be made to undergo interconversion 
with ethylmagnesium brmnide in the absence of solvent and at high 
temperature. Although no interconversion took place with this halide 
and ethylaluminum iodides under these conditions, the reaction took place 
if 4-iodiodibenzofuran was employed. 
Ethylmagnesium bromide was found to metalate dibenzofuran in the 
absence of solvent and at high temperature. Under these conditions no 
metalation occurred with triethylaluminum. Ethylaluminum iodides were 
unsuccessful as metalation agents for dibenzofuran since a Friedel-Crafts 
reaction took place on carbonation to produce 2-dibenzofurancarboxylic 
acid. 
' Robinson and Robinson, Jour. Chem. Soc., 123, 542 (1923) . 
A DETERMINATION OF THE ELASTIC CONSTANTS OF 
BETA-QUARTZ1 
ERWIN W. KAMMER 
From the Department of Physics, Iowa State College 
The experimental techniques available for evaluating elastic proper-
ties of aelotropic or isotropic solids can be divided into two general 
classes. The static method consists in observing the deformation of loaded 
bars or plates. The constants measured in this way are termed isothermal 
since in the process the small temperature changes caused by flexing the 
specimen have ample opportunity to become equalized. In the dynamic 
method, on the other hand, the elastic properties are inferred from the 
speed of sound in the medium. Standing waves are set up between oppo-
site faces of the specimen. Knowing the frequency, dimensions, density, 
and mode of vibration, the elastic constants can be calculated. In this case 
small temperature differences will exist between regions of nodes and 
loops. The constants will differ slightly from those computed by the 
static method and are termed adiabatic. 
The advantages of utilizing high order harmonics in calculations of 
adiabatic elastic constants from vibrating plates were first pointed out by 
Atanasoff and Hart (1), (2). They have clearly demonstrated that as 
the number of nodal planes between two opposite surfaces of a vibrating 
plate are increased, the perturbing effect of the edges has a diminishing 
influence on the frequency "£/ n ,' ' where "f" is the observed frequency 
of the harmonic and "n" the order of the harmonic. Under these condi-
tions the specimen can safely be regarded as a good approximation to a 
plate with infinite lateral dimensions. The frequency "f/ n" then depends 
only on the thickness of the plate, the mode of vibration, and the elastic 
properties of the medium. The theoretical treatment of the present subject 
is the same as that used by Atanasoff and Hart in their work on alpha 
quartz. An adjustment must be made however for the different symmetry 
conditions encountered in beta-quartz which is classified as D 6 while 
alpha quartz is D 3• 
The announcement of Osterberg and Cookson (3) that elastic vibra-
tions of considerable vigor could be maintained in beta-quartz by means 
of its piezoelectric effect suggested the feasibility of determining the elastic 
constants 'for this substance by dynamic methods. To induce vibrations 
in a parallelopiped of a piezoelectric substance, the specimen is placed 
between plane parallel electrodes to which is applied an alternating voltage 
of the proper frequency. Since the specimen between the electrodes must 
be at a temperature above 573°C if observations are to be made on beta-
quartz, a special holder was devised. Nickel electrodes were used with 
iron rods as leads to the exterior of the furnace. A sheet of mica pla::ed 
' Or iginal thesis submitte:l August 8, 1942. Doctoral thesis number 679A. 
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over the face of each electrode prevents contact with the specimen and 
reduces likelihood of breaking the plate due to nonuniform conduction 
of heat from the electrode. Unglazed porcelain plates and cylinders make 
up the balance of structural material. The holder assembly fits snugly 
in a resistance furnace heated by direct current. A chromel-alumel ther-
mocouple was used to measure the temperature of the holder adjacent 
to the specimen. 
The alternating voltage which is applied to the electrodes is obtained 
from a high frequency vacuum tube oscillator. This oscillator is frequency 
modulated by a 60 cps tone, causing the carrier frequency to sweep period-
ically across a band of controlled deviation. If a resonance frequency 
of the crystal lies within the range of maximum and minimum values of 
frequency attained by this modulated carrier, the block will absorb some 
energy from the field at a certain instant and start to vibrate. However, 
the frequency of the applied field is continually changing and, hence, re-
mains only for an instant at the value it had when the crystal resonated. 
The quartz, having very low damping, will continue to vibrate for some 
little time, even though it receives no more energy from the applied 
electric field. 
Thus, for a short time, two radio frequencies are present in the circuit; 
the first, a continually changing one of constant amplitude due to the 
oscillator; the second, a fixed one due to the vibrating crystal whose 
amplitude is decreasing because of damping. These two frequencies are 
applied to a detector, and the result of the mixing and demodulation is 
a single varying-pitch audio beat note. This audio tone is amplified and 
applied to the vertical plates of a cathode ray tube whose sweep fre-
quency is the same as that of the tone which modulated the carrier of 
the oscillator, in this case 60 cps. A tunable parallel resonant circuit is 
used between the crystal holder and detector. This unit is adjusted to 
r.esonate at the center of the frequency band covered by the modulated 
carrier and provides a convenient means for introducing a standard com-
parison frequency into the channel. To compare the frequency of the 
crystal resonant position on the fluorescent screen with a known standard, 
the signal from a standard oscillator is introduced by electro-magnetic 
coupling and a similar pattern obtained which is superposed on the 
screen with the crystal response. The standard oscillator is tuned until 
the central portions of the two patterns coincide. The standard oscillator 
then has the same frequency as the crystal harmonic being observed. 
The coefficients in the determinantal equation which applies to a given 
orientation of the plate involve the density and thickness of the plate as 
beta-quartz in addition to the values for the resonant frequencies. Measure-
ments of the density have been made by Day, Sosman, and Hostetter (4), 
and their results were used in the present calculations. The expansion 
coefficients for quartz determined by Jay (5) permit the thickness of the 
plates as beta-quartz to be calculated from the dimensions measured at 
room temperature. A sufficient number of plates were made with differ-
ent orientations to yield a set of determinantal equations which could be 
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solved simultaneously for the unknown elastic constants they contained. 
The values obtained in this manner for the elastic constants of beta-quartz 
at 600°C. are the following: Cn = 118.4 X :1010, C12 = 19.0 X 1010, 
C13 = 32.0 X 1010, C33 = 107.0 X 1010, CH= 35.85 X 1010 dynes/ cm2 . 
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THE DEVELOPMENT OF AN APPARATUS FOR PRODUCING A 
SALINE HYPOCHLORITE SOLUTION ELECTROLYTICALLY 
FOR ANTISEPTIC PURPOSES1 
THOMAS S. LEARY 
From the Department of Chemical Engineering, Iowa State College 
During World War I an antiseptic material developed by Doctors 
Dak:n and Carrel, and called Dakin's solution, was found to be the most 
effective antiseptic for the treatment of war wounds.2 After the war this 
antiseptic was introduced into civilian medicine and was found to be just 
as useful for the treatment of infections and commonplace wounds.3 
Dakin's solution is a hypochlorite solution with a concentration of 
0.45-0.50 grams of NaOCl per 100 cc. and is buffered to a pH of 8.5-10.2. 
'Boric acid and sodium bicarbonate are the substances usually employed 
as buffers. 
Dakin's introduction of a hypochlorite solution was not an innovation 
as hypochlorite solutions had been used as antiseptics since 1788. The 
use of earlier hypochlorite solutions was limited, however, because of 
their high alkalinity which caused wound irritation. Dakin eliminated 
this by the use of a buffer and introduced the first really successful 
hypochlorite antiseptic solution. 
The main drawbacks to Dakin's solution are its instability and the 
difficulty connected with its preparation. The solution is very unstable 
and will retain its effectiveness when buffered only for a period of about 
24 hours. Its preparation requires the services of an experienced chemist 
or pharmacist. As a result, Dakin's solution, requiring fresh preparation 
before use, has been replaced by other antiseptics which although often 
more expensive and less effective are more stable and can be kept on 
hand. 
It is believed by many that if a low cost foolproof apparatus were 
developsd which would enable an inexperienced person to prepare a hypo-
chlorite solution of the same concentration as that prescribed by Dakin, 
hypochlorite solution would again come into prominence as an antiseptic. 
Work was begun in 1929 at the Iowa State College on the develop-
ment of such an apparatus. A cell designed in 19313 was put on the market 
for a short while but was withdrawn in 1937. The work was continued 
and has culminated in the cells described in this paper. 
Two different type cells were developed, the first, a batch type cell 
which could be retailed for about $100.00 and the second, a continuous 
type which would cost about $150.00. 
The batch type cell consists of a flat, 1-inch platinum gauge cathode 
1 Original thesis submitted August 17, 1942. Doctoral thesis number 680A. 
' Abortive treatment of wounds, Brit. Med. Jour. 2: 609, 1915. 
3 Sweeney, 0. R., and Baker, J.E.; An electrolytic apparatus for the production of 
antiseptic sodium hypochlorite solution. Iowa Eng. Exp. Sta., Bull. No. 111, 1933. 
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and a flat 1-inch rhodium gauge anode mounted in vertical planes about 
1/ 32 of an inch apart. In the experimental model these electrodes were 
sealed into pieces of 5 mm. pyrex tubing which were held apart by short 
pieces of the same size tubing. Mercury was introduced into the tubes 
and contact was made with the source of direct current by copper wires 
dipped into the mercury. 
A Battery Booster type dry plate rectifier sold by a mail order house, 
with a capacity of 5-10 amperes at 6 volts, was used to supply the direct 
current. 
A tentative design for a commercial model of this cell has been drawn 
up and can be seen in the original paper. 
This type cell produces a hypochlorite solution of 0.475 grams NaOCl 
per 100 cc. with a pH of 9.3 at the rate of about 10 cc. per minute from a 
salt solution containing 25 grams NaCl and 1.5 grams NaHC03 per liter. 
The cell is operated by introducing the salt solution into a beaker 
into which the electrodes are immersed. The current is turned on for a 
period of time depending upon the amount of solution desired. At the end 
of the period the solution is ready for use. In the commercial model a 
time clock has been introduced which shuts off the current and makes the 
operation of the cell foolproof. 
The effect of initial temperature of the salt solution, the concentra-
tion of sodium chloride and of sodium bicarbonate were studied. It was 
found that a decrease in initial temperature decreased the hypochlorite 
concentration for a given time of electrolysis. An increase in the sodium 
chloride content increased the hypochlorite concentration while the re-
verse was true with the sodium bicarbonate. 
It was found that this cell could be operated with an automobile 
battery as its source of current; however, the electrolysis proceeded at a 
lower rat_e than when the rectifier was used. The battery produced a 
solution much lower in temperature than did the rectifier. This type cell 
could easily be adapted for use in an ambulance. 
The concentration of hypochlorite in the electrolyzed solution from 
this cell can be varied by varying the time of electrolysis. 
A continuous type cell was developed with a 1/s-inch inverted cone-
shaped perforated platinum iridium (80-20) sheet cathode and a rhodium 
anode of the same size and shape. These electrodes were placed in a 
horizontal position with the cathode above the anode at a distance of 
1/ 16 of an inch apart. 
The same type of rectifier used for the batch cell was used with the 
continuous cell. 
A special salt solution reservoir, delivery tube, and air inlet system 
were designed which permitted the salt solution to be fed directly into 
the cell. The flow of liquid through the cell was metered by an easily 
accessible outlet orifice. The rate of liquid flow was controlled by the 
height of liquid in the cell body which in turn was regulated by the air 
inlet system. 
An automatic device was incorporated into the design of the cell 
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which turned the current on as soon as the valve from the reservoir 
was opened and which shut it off as soon as the fl.ow of liquid from 
the reservoir ceased. Liquid from the reservoir could stop fl.owing either 
by closing the valve or as a result of its running dry. 
The continuous cell produces a hypochlorite solution containing 
0.482 grams of NaOCl per 100 cc. with a pH of 8.8 at the rate of 10.8 cc. 
per minute. The salt solution used contained 25 grams NaCl and 1.5 
grams of NaHC03 per liter. 
It was found that with both of these cells, decomposition of the 
electrodes with the formation of a sodium perrhodate which imparted 
a bluish tint to the hypochlorite solution could be kept at a minimum by 
keeping the temperature within the cell below 54 ° C. Since the batch 
type cell ran at a lower temperature than the continuous cell, due to the 
cooling of the salt solution prior to electrolysis, there was no evidence 
of perrhodate in the hypochlorite solution produced in that cell. 
It was found that the solution from the batch type cell contained 
negligible amounts of chlorate (0.002-0.003 grams per 100 cc.) while 
there were no chlorates present in the solution from the continuous type 
cell. Both of these cells produce hypochlorite solution for less than 
5 cents a liter. · 
Both of these cells when properly constructed should have a long 
service life and should give little or no trouble during that time. They 
both draw around 5 amperes of current which is about half of the rated 
capacity of the rectifiers. This should lead to a long service life for the 
rectifier. The cells are simple to operate and could be handled by per-
sons unskilled in chemical technique. The solution produced by them 
varies little in concentration and at all times falls within the limits 
prescribed by Dr. Dakin. The low price of these cells should enable 
them to be purchased by doctors and schools which could not afford more 
expensive equipment. These cells when put on the market should lead to 
a return of hypochlorite to the antiseptic field. 
INTRODUCTION OF WATER-SOLUBILIZING GROUPS 
INTO SOME ORGANOMETALLIC COMPOUNDS1 
ROBERT W. LEEPER 
From the Department of Chemistry, Iowa State College 
Preparatory to a study of the introduction of water-solubilizing 
groups into organolead compounds, variations were made in the 
procedure for preparing tetraphenyllead. The following set of equations 
is usually given to explain the formation of an R4Pb compound: 
12RMgX + 6PbC12 ~ 6R2Pb + 12Mg (X) Cl 
6R2Pb ~ 2R6Pb2 + 2Pb 
2R0Pb2 ~ 3R4Pb + Pb 
The reaction mixture is colored black by the free lead. 
When phenyllithium was r eacted with lead chloride in the presence 
of iodobenzene, tetraphenyllead was produ.ced without the formation 
of free lead. The reaction can be written: 
3C0H5Li + PbCl2 + C6H 5I ~ (C0H5 ) 4.Pb + 2LiCl + Lil 
The yield of tetraphenyllead was 80 per cent based on this reaction or 
160 per cent if based on the first set of three equations. If the iodobenzene 
was replaced by bromobenzene, the yield of tetraphenyllead was only 
24.8 per cent. Under the same conditions phenyllithium and lead chloride 
alone produced 41 per cent of tetraphenyllead. Phenylmagnesium bro-
mide, iodobenzene, and lead chloride produced 34 per cent of tetra-
phenyllead, and the reaction was colored black with free lead. 
Hexaphenyldilead and maleic anhydride in chloroform, when allowed 
to stand for 5 months, produced a,~-di (triphenyllead) succinic anhydride. 
This was isolated as the free acid. An easier method of obtaining this 
product was to add hexaphenyldilead slowly to molten maleic anhydride 
and to extract the product progressively with benzene, alcohol, water, 
and ammonium acetate solution. The residue was insoluble in acetone, 
alcohol, dioxane, chloroform, carbon tetrachloride, benzene, and the 
petroleum ethers. It was slightly soluble in boiling water and dissolved 
in glacial acetic acid. It turned brown at 265-270° and had not melted 
at 330°. 
The reaction between hexaphenyldilead and maleic anhydride was 
believed similar to that between triphenylmethyl and maleic anhydride.2 
Refluxing the free acid with 10 per cent sodium hydroxide slowly con-
verted it to the sodium salt, as insoluble in water as the free acid. 
Attempts to prepare ethyl a,~-di (triphenyllead) succinate from tri-
phenyllead-sodium and ethyl a,~-dibromosuccinate in liquid ammonia 
were unsuccessful. 
1 Original thesis submitted December 9, 1942. Doctoral thesis number 696A. 
• Conant and Chow, Jour . A m . Chem . Soc., 55, 3475 (1933) . 
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Triphenyllead acid maleate (m.p. 207°) was prepared in 90 per 
cent yield by boiling triphenyllead hydroxide and maleic anhydride in 
absolute alcohol. Di-triphenyllead maleate (sinters 198-199° ) was 
prepared in 82 per cent yield in a similar way from two equivalents of 
the organolead compound in alcohol. 
No reaction could be induced between hexaphenyldilead and ben-
zene solutions of isoprene, pyrrole, styrene, furan, and l,4-diphenylbuta-
diene-1,3, stored for 5 months. 
Triphenyl-o-hydroxyphenyllead (m.p. 216-218°) was obtained in 
12 per cent yield by adding o-bromophenol to a n-butyllithium solution 
in ether, stirring for 112 hour, adding an equal volume of benzene, fol-
lowed by triphenyllead chloride. After refluxing for 1 hour the mixture 
was hydrolyzed with dilute hydrochloric acid and worked up in the 
usuaJ. manner. 
9-Phenanthrylmagnesium bromide and triphenyllead bromide re-
fluxed 24 hours in an ether-benzene solution gave a 57 per cent yield 
of triphenyl-9-phenanthryllead upon hydrolysis. Recrystallization from 
ethyl acetate gave a product melting at 169-171°. 
In. a similar manner diphenyllead dibromide gave a 68 per cent yield 
of di-9-phenanthryldiphenyllead (m.p. 208-210°). Hydrogen chloride 
cleaved the phenanthryl radicals. 
Attempts to prepare tetra-9-phenanthryllead were unsuccessful. 
Ii 7-bromo-1,2-benzanthracene was added to a n-butyllithium solu-
tion, followed by triphenyllead chloride 2 minutes later, hydrolysis gave 
a 52 per cent yield of triphenyl-7-(1,2-benzanthryl) lead. When recrys-
tallized from ethyl acetate it melted at 204-205°. 
In a similar manner diphenyllead dichloride gave a 3.6 per cent 
yield of di-7-(1,2-benzanthryl) diphenyllead (m.p. 295-296°). Hydrogen 
chloride cleaved the 1,2-benzanthryl radical. 
The products from hexaphenyldilead and liquid ammonia solutions 
of lithium, sodium, potassium, rubidium, calcium, strontium, and barium 
were converted to triphenylbenzyllead with benzyl chloride. Highest 
yields were obtained with the first member of the group I-A and II-A 
metals (lithium 72 per cent, calcium 81 per cent) , and the yields became 
progressively smaller as one went down the group. The group II-A 
metals formed products of the type (C6H 5) 3PbCaCaPb (C6H5 ) a rather 
thar. (C6H~) 3PbCaPb (C6H 5 ) a. 
Diphenyllead dichloride (0.01 mole) and calcium (0.01 g. atom) in 
liquid ammonia gave a 23.3 per cent yield of hexaphenyldilead and 10 
per cent of tetraphenyllead. With diphenyllead difluoride the yield was 
58 per cent of hexaphenyldilead. Diphenyllead dichloride (0.01 mole) 
and lithium (0.04 g. atom) gave 60 per cent of hexaphenyldilead. Di-
phenyllead difluoride (0.005 mole) and lithium (0.01 g. atom) gave a 52 
per cent yield. 
Hydrogen chloride bubbled into dicyclohexyldiphenyllead dis-
solved in petroleum ether (b.p. 28-30° ) precipitated dicyclohexylphenyl-
lead chloride (m.p. 195°; dee. 205°), soluble in chloroform. When a sus-
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pension of this material (0.02 mole) in liquid ammonia was treated with 
sodium (0.02 g. atom), a deep red color developed. Chloroform extraction 
of the residue after the ammonia evaporated gave a deep red solution 
that was instantaneously decolorized in sunlight. It was impossible to 
isolate the expected sym-hexacyclohexyldiphenyldilead. 
In a similar manner diphenylethyllead chloride (sinters 142° ; aec. 
146-147° ) was obtained in 81 per cent yield from diethyldiphenyllead. 
It was impossible to isolate the expected sym-hexaphenyldiethyldilead 
when the chloride was treated with sodium in liquid ammonia. 
Diphenyllead dinitrate3 was converted to di-m-nitrophenyllead 
dinitrate4 by nitration at -50°. When this was dissolved in boiling 
water and a sodium chloride solution added, di-m-nitrophenyllead di-
chloride precipitated in 97 per cent yield. It was soluble in alcohol and 
recrystallized in plates from ethyl acetate (sublimed 250°; dee. 285-289°). 
In a similar manner a sodium iodide solution gave a 95 per cent yield 
of di-m-nitrophenyllead diiodide (dee. 135° ). 
Triethyllead chloride in benzene solution did not react with diazo· 
methane or diazoethane. 
Lead powder and ethyl a-bromopropionate, bromomethyl acetate, 
and ethyl bromoacetate did not react when heated. 
When tetra-n-butylgermanium was warmed with iodine, tri-n-
butylgermanium iodide (b.p.4 126-128° ) was obtained in 69 per cent 
yield. 
2-Furyllithium and germanium tetrabromide refluxed 4 hours in 
benzene gave a 32 per cent yield of tetra-2-furylgermanium (b.p.1 163° ; 
m .p. 99-lQQO). 
n-Butyltin triiodide (b.p.5 154°) was obtained in 25 per cent yield 
from KSnC13 and n-butyl iodide heated 72 hours at 90° in a sealed tube5 
(unstable). 
Tin powder reacted with ethyl bromoacetate6 , bromomethyl acetate, 
phenacyl bromide, ~-bromoethyl acetate, ethyl a-bromopropionate, di-
ethyl a-bromosuccinate, diethyl dibromomalonate, and 2-bromopyridine 
to give either glassy solids or thick tars. Only in the case of ethyl 
bromoacetate was it possible to isolate the pure product. The tar was 
washed out with ether, and the remaining solid was recrystallized from 
benzene to give a 15.5 per cent yield of d icarbethoxymethyltin dibromide 
(m.p. 139° ). 
Tin powder and 1-chloro-2-iodoethane, 1-bromo-2-chloroethane, and 
1-bromo-3-chloropropane reacted to varying extents, but conditions for 
b est reaction were also ideal for decomposition of the products. 
' Setzer, Leeper. and Gilman, Jou.r . Am. Chem. Soc., 61, 1609 (1939) . 
' Challenger and Rothstein, Jou.r . Chem. Soc., 1258 (1934). 
' Tchakirian, Lesbre, and Lewinsohn. Compt. rend., 202, 138 (1936) . 
• Compare with Emmert and Eller, Ber., 44, 2328 (1911). 
THE BIOLOGY AND MORPHOLOGY OF 
COLASPIS FLA VIDA (SAY) 1 
DALE RICHARD LINDSAY 
From the Department of Zoology and Entomology, Iowa State College 
The recent outbreak of the grape colaspis, Colaspis flavida (Say), 
as a pest of corn in eastern and east central Iowa is discussed, and the 
results of the 1941 and 1942 survey activities are mapped. The current 
taxonomic status of the insect, according to Mr. H . S. Barber of the 
United States National Museum, is given, pointing out that little is known 
of the exact species which have been the subject of discussion by earlier 
authors, although all of them believed they were discussing the same 
insect. Therefore, the exact distribution of C. flavida cannot be ascer-
tained at this time. Mr. Barber believes this species is probably limited to 
the upper Mississippi Valley and Great Plains area. 
A rather complete review of all of the literature dealing with C. 
flav ida complex is presented in chronological sequence, so that a history 
of its rise as an economic pest is the result. In addition, all the recorded 
host plants for the species-complex are given. 
A detailed account of the life history of C. flavida, as it occurs in 
Iowa, is given. Egg laying is heaviest in July and August with hatching 
occurring within 1 or 2 weeks and with larval development up to ap-
proximately the sixth instar taking place before freezing weather sets 
in. A description of the hibernating larva is included so that it may be 
readily distinguished from one that is preparing to molt. The winter 
is passed in a quiescent state in the soil at a depth of about 10 inches, and 
it appears unlikely that surviving larvae have been above frost line. 
Development is resumed in the spring, and severe, though localized, 
injury may occur to corn planted on red clover ground. During the 
rearing experiments ten to seventeen larval instars occurred preceding 
pupation. Since the growth curve showed a constant rate of development 
in the instances of the ten instar individuals, ten instars are considered to 
be normal, with excessive molts supernumerary and probably due to 
adverse environment. Pupation lasts about 1 week, and adult emergence 
may begin late in June and continue into August, with the late emerging 
forms usually coming from dense growths of red clover or alfalfa where 
the ground had been well shaded. Adults may live from three to four 
weeks. 
Sex ratios appear nearly equal, the female laying approximately 150 
eggs, usually in two batches. The oviposition and feeding habits of 
the adults are discussed, with a record of extensive adult feeding upon 
Polygonum lapathifolium, a smartweed common in corn fields in eastern 
Iowa, included. 
' Original thesis submitted May 17, 1943. Doctoral thesis number 715. 
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Various types of survey studies are discussed, and a recommenda-
tion for a proposed survey method is outlined. The application of such 
a survey method, as it affects the cultural practices of the farmer, is 
discussed. Under the section on control studies are included the appar-
ently minor effects of parasites and predators. The effects of soil types 
are discussed and the correlation of the occurrence of C. flavida with 
the areas of light loess soils is pointed out. Effects of climatic conditions 
and cultural practices are also discussed. 
Such morphological studies as were deemed helpful in determining 
the species from field collected specimens, of both larval and adult forms, 
are included. Methods of sexing both pupa and adults are discussed and 
illustrated. No definite differences in larval chaetotaxy were established. 
Descriptions of the representative forms from egg to adult are presented, 
and correlations of instars with head capsule widths are shown. Drawings 
showing the main points of morphological interest are included. 
LONG-CHAINED ORGANOMETALLIC COMPOUNDS1 
ROBERT NELSON MEALS 
From the Department of Chemistry, Iowa State College 
Relatively few long-chained organometallic compounds have been 
prepared; aside from a few mercury, magnesium, and lithium deriva-
tives the subject has in the past received very little attention. The hope 
that these high molecular weight compounds might by reason of their 
solubility, low vapor pressure, and relative noninflammability find uses 
from which the lower homologs were barred, led to this investigation. 
Solutions of long-chained alkyl bromides and chlorides in ether re-
-· ac-ted ·wi-th .. lithium readily. The bromides yielded less than 50 per cent 
of lithium alkyls, but the chlorides gave 75 per cent yields. The solutions 
were titrated by the benzyl chloride double titration method.2 The 
yields as measured by simple acid titration3 were 65 per cent and 100 per 
cent, respectively, for the bromides and chlorides. 
In low-boiling petroleum ether (30-35°) the long-chained chlorides 
reacted slowly with lithium, and yielded about 50 per cent of the lithium 
alkyls; the bromides gave very low yields. This is in contrast to the 
work of Moore,4 who found that the lower homologs yielded 85 per cent 
and 60 per cent, respectively, with chlorides and bromides. Moore's 
results were based upon simple acid titrations, which give values con-
siderably too high even in petroleum ether. 
In ordinary petroleum ether (60-68°) or in benzene, long-chained 
chlorides reacted readily with lithium at reflux temperature, yielding 
from 57 to 74 per cent of organolithium compounds. The bromides gave 
about 15 per cent yields under the same conditions. Gilman, Langham, 
and Moore5 found this petroleum ether fraction to be less satisfactory 
than the low-boiling fraction, with the lower alkyl halides. 
Carbonation of the long-chained lithium alkyls by pouring into 
dry ice and ether resulted in the formation of ketones as well as acids, 
and since the ketones could not be separated quantitatively from the 
coupling products, carbonation was not suitable as a means of checking 
the titration yields. Small amounts of dodecane, dodecene, and tetra-
cosane were found among the products of reaction between dodecyl 
chloride and lithium. 
Long-chained alkylsodium compounds were prepared from the alkyl 
chlorides and sodium metal. Petroleum ether (30-35° ) was a suitable sol-
vent. The long-chained sodium alkyls were not soluble in any of the 
1 Original thesis submitted July 13, 1942. Doctoral thesis number 674A. 
2 A. H . Haubein, unpublished work. 
3 Gilman, Wilkinson, Fishel, and Meyers, Jour. Am. Chem. Soc., 45, 150 (1923). 
• F . W. Moore, Doctoral Thesis, Iowa State College (1941). 
' Gilman, Langham, and Moore, Jour. Am. Chem. Soc., 62, 2327 (1940). 
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solvents used-petroleum ether, benzene, kerosene, and ether. The 
yields were estimated by carbonation with dry ice.6 
n-Dodecyl chloride and sodium reacted in petroleum ether at 15-20° 
to give, generally about 15 to 20 per cent of dodecylsodium (though in 
the presence of a large excess of sodium 7 the yield of dodecylsodium was 
as high as 42 per cent) 15 to 20 per cent of dodecene, 20 to 30 per cent 
of dodecane, and about 20 per cent of tetracosane. 
When the preparation was carried out in benzene at room tempera-
ture, benzoic acid was one of the products obtained on carbonation, 
indicating that the long-chained sodium alkyls metalated benzene under 
mild conditions. The yield of benzoic acid decreased with increasing 
length of the alky 1 chain. 
In diethyl ether dodecyl chloride gave, after 2 hours at 0°, about 
1 per cent of dodecylsodium, which yielded tridecylic acid on carbona-
tion. The yields of dodecene, dodecane, and tetracosane were 15 per 
cent, 56 per cent, and 10 per cent, respectively; the high ratio of dodecane 
to dodecene was probably due to cleavage of the ether. 
Carbonation of dodecylsodium with gaseous carbon dioxide resulted 
in the formation of small amounts (1.5 per cent) of undecylmalonic acid, 
in addition to the tridecylic acid. 
Potassium metal reacted with dodecyl chloride ; after carbonation of 
the resulting mixture there was obtained 10 per cent of the theoretical 
yield of tridecylic acid, 37 per cent of dodecane, 16 per cent of dodecene, 
and 24 per cent of tetracosane. 
Long-chained alkyl bromides gave about 75 per cent yields of Grig-
nard reagents; carefully purified samples gave as high as 87 per cent. 
Chain length, from dodecyl to octadecyl, had little effect on the results. 
The chlorides reacted much more slowly, but gave about 95 per cent 
of the organomagnesium compounds. 
Hexadecyl iodide in ether reacted readily with fresh calcium filings. 
The products obtained after carbonation were about 13 per cent of mar-
garic acid, 23 per cent of hexadecane and hexadecene, and 41 per cent 
of dotriacontane. Several attempts to prepare long-chained barium 
compounds were unsuccessful. 
Didodecylmercury was prepared from dodecylmercuric bromide8 
and dodecylmagnesium bromide. The other long-chained bismercurials 
were made analogously. Separation from the alkylmercuric halides 
was accomplished by crystallization from petroleum ether. The mercury 
dialkyls were crystalline solids, easily soluble in fat solvents, but only 
slightly soluble in alcohol and not at all in water. 
Dodecylmercuric chloride was made by cleavage of didodecylmer-
cury with mercuric chloride. The iodide, phosphate, and sulfate were 
prepared similarly. Silver acetate reacted with dodecylmercuric bromide 
• Gilman and Pacevitz, Jour. A m . Chem. Soc., 62, 1301 (1940) . 
7 Morton and Richardson, Jour. Am. Chem. Soc., 62, 123 (1940) . 
• Hill, J ou r. Am. Chem. Soc., 50, 167 (1928) . 
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to give dodecylmercuric acetate. Several of the other long-chained 
alkylmercuric halides were prepared by similar reactions. 
Dodecylmagnesium chloride and lead chloride gave tridodecyllead 
chlor ide as the chief product. The other long-chained Grignard reagents 
reacted. similarly. The reaction of trihexadecyllead chloride with hexa-
decylmagnesium bromide gave tetrahexadecyllead. This was a white 
crystalline solid, extremely soluble in petroleum ether, fairly soluble in 
ether or ethyl acetate, slightly soluble in alcohol, and insoluble in water. 
Stannic chloride and a slight excess of dodecylmagnesium bromide 
yielded tetradodecyltin. The other long-chained tin tetraalkyls were 
obtained similarly. Tetrahexadecyltin resembled tetrahexadecyllead very 
closely. Tridodecyltin chloride was prepared by treating an ether solution 
of tetradodecyltin with dry hydrogen chloride at room temperature. It 
was less soluble in the fat solvents than tetradodecyltin, but more soluble 
than tridodecyllead chloride. The same relationships held for the higher 
trialkyltin chlorides. 
Tridodecylarsenic and tritetradecylarsenic were prepared from 
arsenic tribromide and the Grignard reagents. Tridodecylarsenic was 
distilled without appreciable decomposition at 200° at 0.009 mm.; nu3" 
1.4740; d2035 0.900. Tritetradecylarsenic decomposed during distillation, 
but was obtained by the expedient of distilling out all the impurities in 
vacuo; n o35 1.4740; d2035 0.908. 
TABLE 1 
M ELTING P OINTS O F L ONG - C H AINED ORGANOMETALLIC C OMPOUNDS 
Alkyl Groups 
Type of 
Compound n-Dodecyl n-Tetradecy l n-Hexadecyl n-Octadecyl 
R ,H g .... . . . ... . . 44- 44 .5° 53- 54° 61- 62° 66 .5- 67° 
RHgCl ... . . . ..... 114- 114 .5 . . . . . . . . . . . . . . . 114- 115 115- 116 
RHgBr ... . ...... . 108- 108.7 110- 110 .5 110 .5- 111 .5 110- 111 
RHgI .... . . .. . ... 91 . . . . . . . . . . . . . . . 93 . . . . . . . . . . . . . . . 
R 4Sn . .... . ...... . 15- 16 33- 34 41.5- 42 .5 47 
R 4Pb ..... . . . . . . . . . . . . . . . .... . . . . 31 42 . . . . . .. .. . . . . . . 
R sSnCl. ... . .... . . 33 46- 47 55 .5- 56 .5 61 - 62 
R 3PbCl. .... . ..... 64- 65 74- 75 79- 80 82- 83 
The melting points of mixtures of related or homologous long-
chained lead and tin compounds usually did not show depressions. Mix-
tures of the long-chained alkylmercuric halides showed small depressions 
of the melting point. 
ORGANOLEAD COMPOUNDS CONTAINING WATER-
SOLUBILIZING GROUPS1 
DONALD S. MELSTROM 
From the Department of Chemistry, Iowa State College 
The literature concerning studies of the preparation of organoger-
manium, organotin, and organolead compounds containing water-solubil-
izing groups has been reviewed. 
Organolithium compounds are useful intermediates in the synthesis 
of unsymmetrical organolead compounds. The halogen-metal intercon-
version reaction2 has been applied to the preparation of organolithium 
compounds from halides which react only to a slight extent or not at all 
with lithium metal to form organolithium compounds or with magnesium 
to form Grignard reagents. The halides which have been studied include 
(1) compounds containing unreactive halogen atoms, and (2) aromatic 
halides containing functional groups. 
The following unreactive halides were converted to the correspond-
ing organolithium compounds by interconversion with n-butyllithium in 
ether (the percentages given in parentheses after the names of the halides 
represent the yields of carboxylic acids obtained by carbonation of the 
organolithium compounds) : 2,4,5-triphenyl-3-bromofuran (66 per cent); 
2,4,5-triphenyl-3-chlorofuran (14 per cent); 3,4,6-triphenyl-2-bromopyri-
dine at - 35° (67 per cent); and 2-bromobenzofuran at - 70° (62 per 
cent). The following new acids were prepared by this method and con-
verted to their methyl esters by treatment with diazomethane: 2,4,5-tri-
phenylfuran-3-carboxylic acid, m .p. 257-258°, methyl ester, m.p. 123.5-
1240; 3,4,6-triphenyl-pyridine-2-carboxylic acid, m .p. 166-168° (dee.), 
methyl ester, m.p. 117-118°. 
The reaction of 3-bromobenzofuran with n-butyllithium was not a 
satisfactory means of preparing 3-benzofuryllithium. At room tempera-
ture the chief reaction was cleavage of the benzofuran ring to give o-
ethinylphenol. Halogen-metal interconversion under most conditions, 
followed by carbonation of the reaction mixture, gave small yields of 
benzofuran-2-carboxylic acid. 
Conditions for the preparation of p-bromobenzyl alcohol from p-bro-
motoluene in improved yields through the intermediates, p-bromobenzyl 
bromide and p-bromobenzyl acetate, have been described. The o- and 
m-bromobenzyl alcohols were similarly prepared. p-Bromophenethyl 
alcohol was prepared in 40 per cent yields by the reaction of p-bromo-
phenylmagnesium bromide with ethylene oxide. 
Halogen-metal interconversion was effected between n-butyllithium 
and some aromatic halides containing alcoholic hydroxyl groups. Two 
' Original thesis submitted March, 1943. Doctoral thesis number 706. 
' For general references on the halogen-metal interconversion reaction, see Gil-
man, Organic Chemistry, John Wiley & Sons, New York (1943) , 2nd ed., vol. 1. p . 538. 
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moles of n-butyllithium were used, one to replace the active hydrogen 
atoms of the hydroxyl groups, and one to effect the interconversion. The 
best procedure was found to be addition of the n-butyllithium in ether to 
the bromo-alcohol. The minimal yields of interconversion products, as 
determined by carbonation and isolation of the resulting acids, were as 
follows: p-bromobenzyl alcohol (18 per cent) , m-bromobenzyl alcohol 
(32 per cent), p-bromophenethyl alcohol (52 per cent), and p-bromo-a-
methylbenzyl alcohol (45 per cent). Two of the acids obtained are re-
ported for the first time: p-carboxyphenethyl alcohol, m.p. 127-128°, and 
p-carboxy-a-methylbenzyl alcohol, m.p. 138-139°. The melting point of 
m-carboxybenzyl alcohol, similarly prepared, was found to be 114.5-115° . 
The melting point previously reported3 for this compound is 111°. 
p-Bromobenzenesulfonamide appeared to undergo halogen-metal 
interconversion to some extent when treated with two equivalents of 
n-butyllithium at room temperature, but pure p-carboxybenzenesulfona-
mide could not be isolated from the carbonated reaction mixture. p-Bro-
mobenzonitrile has been shown to undergo interconversion to the extent 
of 10 per cent upon treatment with n-butyllithium in ether at - 70° . 
The synthesis of organolithium compounds by halogen-metal inter-
conversion of nuclearly bromine-substituted phenylalkyl alcohols has 
provided intermediates for the synthesis of organolead compounds con-
taining the alcoholic hydroxyl group. The reaction of the new organo-
lithium compounds with triphenyllead chloride constitutes a general 
method for synthesizing triphenylhydroxyalkylphenyllead compounds. 
The reaction of triphenyllead chloride with the organolithium compounds 
formed by interconversion of o-, m-, and p-bromobenzyl alcohols, p-hro-
mophenethyl alcohol, and p-bromo-a-methylbenzyl alcohol produced, re-
spectively, the following organolead compounds containing alcoholic 
hydroxyl groups: triphenyl-o-hydroxymethylphenyllead, m.p. 134-136° ; 
triphenyl-m-hydroxymethylphenyllead, m.p. 113-114° ; triphenyl-p-hy-
droxymethylphenyllead, m.p. 98-100° ; triphenyl-p-~-hydroxyethylphenyl­
lead, m.p. 87-88°; and triphenyl-p-a-hydroxyethylphenyllead, m.p. 68-70° . 
The product of the reaction of triethyllead chloride with the organo-
lithium compound from p-bromobenzyl alcohol decomposed on attempted 
distillation. 
Triphenyl-p-hydroxymethylphenyllead was oxidized by potassium 
permanganate in acetone to give a 25 per cent yield of triphenyl-p-carboxy-
phenyllead, m.p. 256-258°. The sodium and potassium salts of this acid 
were insoluble in water. The free acid and diazomethane formed tri-
phenyl-p-carbomethoxyphenyllead, m .p. 125~127°. The oxidation of 
triphenyl-o-hydroxymethylphenyllead with potassium permanganate pro-
duced the inner anhydride of diphenyl-o-carboxyphenyllead hydroxide, 
av. amorphous compound which melted with turbidity at 300-305° . The 
formation of this substance resulted from oxidation of the hydroxymethyl 
group and simultaneous cleavage of a phenyl group to give diphenyl-o-
carboxyphenyllead hydroxide which spontaneously lost water to give the 
anhydride. Treatment of the anhydride with hydrochloric acid in alcohol 
3 LangJuth, Ber., 38, 2063 (1905). 
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gave diphenyl-o-carboxyphenyllead chloride, melting at 210-220° with 
turbidity, and the latter with diazomethane formed diphenyl-o-carbo-
methoxyphenyllead chloride, m.p. 170-171° . No pure product could be iso-
lated from permanganate oxidation of triphenyl-m-hydroxymethylphenyl-
lead. 
Carbonation of the product of reaction of one mole of p-phenyl-
enedilithium with one mole of triphenyllead chloride did not give the 
expected. triphenyl-p-carboxyphenyllead. A small amount of p-phenyl-
enedi- (triphenyllead), (C6H 5 ) 3PbC6H 4Pb (C6H 5 ) ~-p, m.p. 285-288°, was 
formed. Triphenyl-,p-carboxyphenyllead could not be prepared by the 
reaction of triphenyllead chloride with the product of halogen-metal 
interconversion of p-iodobenzoic acid. No reaction took place between 
triphenyllead chloride and sodium malonic ester. Triphenyl-p-cyano-
phenyllead could not be prepared by the reaction of cuprous cyanide with 
the diazonium salt obtained from triphenyl-p-aminophenyllead. 
The reaction of o-anisylmagnesium bromide with triphenyllead chlo-
ride gave triphenyl-o-anisyllead, m.p. 128-129°. A similar reaction in the 
case of p-anisylmagnesium bromide gave triphenyl-p-anisyllead/ which 
has previously been prepared from p-anisyllithium and triphenyllead chlo-
ride. The synthesis of triphenyl-o-methoxymethylphenyllead failed be-
cause only a small yield of the Grignard reagent could be obtained from 
methyl o-bromobenzyl ether. 
Pure triethyl-p-bromophenyllead (d27 20 1.8586; n 0 20 1.59'68) was ob-
tained by high-vacuum distillation (0.002 mm. ; bath temp., 143° ) of the 
product of the reaction of p-bromophenylmagnesium bromide and tri-
ethyllead. chloride. The triethyl-p-bromophenyllead reacted with acti-
vated copper-magnesium alloy to give a Grignard reagent, but the acid 
formed upon carbonation could not be isolated in pure form. 
The reaction of triethyllead-sodium with a-diethylaminopropyl chlo-
ride gave a product which could be distilled under high vacuum and 
which appeared to be impure triethyl-a-diethylaminopropyllead. An 
organolithium compound could not be prepared in good yield from 
a-diethylaminopropyl chloride and lithium. 
The reaction of tetraphenyllead with nitrogen tetroxide in chloro-
form produced diphenyllead dinitrate. No pure products were isolated 
from the reaction of nitrogen tetroxide with triphenyl-p-hydroxymethyl-
phenyllead or with triphenyl-p-~-hydroxyethylphenyllead. 
A water-soluble product was formed by the reaction of tetraphenyl-
lead with fuming sulfuric acid at 0° . Tetraphenyllead was cleaved by 
chlorosulfonic acid at low temperatures with the formation of diphenyl-
lead dichloride. 
'I'etraphenyllead was recovered unchanged after having been refluxed 
for 3 hours with alcoholic sodium hydroxide. Both tetraphenyllead and 
triphenyl-p-anisyllead were recovered almost quantitatively after having 
been refluxed with chloroform and strong alkali under the conditions of 
the Reimer-Tiemann reaction. 
' Towne, Iowa State Coll. Jour . Sci., 8, 229 (1933). 
REACTION OF GLUCOSE WITH SOME AMINES1 
A. ELEANOR Mrrrs 
From the Department of Chemistry, Iowa State College 
The purpose of this investigation was to study the reaction of glucose 
with a number of amines and to correlate the isolated investigations 
reported in the literature concerning certain amines and glucoses. Al-
though a considerable amount of work has been done on the nitrogen 
derivatives of sugars, the literature regarding a great many of these 
derivatives is very confused. This is not surprising when it is realized 
that each of these derivatives may exist, theoretically, in a number of 
isomeric forms. The possibilities include addition compounds, N-gluco-
sides of a- or ~-furanoside or a- or ~-pyranoside structure and the syn 
and anti Schiff base. Moreover, some of the N-glucosides rearrange to 
an isoglucosamine structure. The hydrolysis of the N-glucosides in 
aqueous solution and in the presence of dilute acids complicates the study 
further. 
A few years ago Bergmann and Machemer (1) prepared the phenyl-
hydrazine derivatives of the acetylated cellulose dextrins and reported 
that the nitrogen content of these derivatives was a better criterion for 
determination of molecular size than copper reducing values. Although 
the nitrogen content of phenylhydrazine derivatives of corn syrup dex-
trins prepared in this laboratory (2) gave a value of the molecular size 
comparable to that determined by iodine titration and copper-reducing 
values, the physical constants showed that the derivative was not homo-
geneous. Glucose and maltose derivatives of the amine were studied to 
obtain evidence regarding the structure of the dextrin derivative. 
Phenylhydrazine and glucose reacted at room temperature to form 
crystalline, highly solvated compounds of varying composition. The 
salvation molecules could not be removed by ether extraction, but were 
removed by prolonged drying in a vacuum oven at temperatures between 
50 and 75° C. The composition of the compound approached the mono-
phenylhydrazine derivative, and the melting point approached 105-107° C. 
The ease of isomerization of the derivative was illustrated by formation 
of at least three modifications of the phenylhydrazine derivative by re-
crystallization of the a-hydrazide from alcohol. The ease of isomerization 
along with the tendency for formation of solvated molecules indicates that 
the identity of most of these isomers by chemical means is questionable 
but suggests that these derivatives are N-glucosides. 
Several alkylamines were reacted with glucose under conditions 
that normally resulted in formation of an isoglucosamine from arylamines 
and glucose. In every case good yields of glucosyl-n-alkylamines were 
obtained. Among the compounds prepared in this manner were glucosyl-
1 Original thesis submitted May 31, 1943. Doctoral thesis number 718. 
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n-butylamine [m.p. 96-97° C.; [a] 0 25 = - 22° -7 - 7.8° (c., 2 per cent in 
C2H 50H) ] , glucosyl-n-amylamine [m.p. 96-97°; [a] 0 25 = - 22° -7 - 8° 
(c., 2 per cent in C2H 50H) ] , glucosyl-n-heptylamine [m.p. 97-98°; [a] 0 25 
= - 13° -7 - 7° (c., 2 per cent in C2H 50H) ], and glucosyldicyclohexyla-
mine [m.p. 97-98°; [a] 0 25 = - 23.5° -7 - 11.6° (c., 2 per cent in 
C2H 50H)]. By other methods glucosyl-n-octadecylamine (m.p. 104-105° 
C.), glucosyl-n-hexadecylamine (m.p. 106-107° C.), and diglucosylethyl-
enediamine [m.p. 152-153° C. ; [a] 0 25 = - 17° -7 + 14.5° (c., 2 per cent 
in 50 per cent C2H 50H)] were prepared. No crystalline compound was 
obtained from the condensation of glucose and 2-aminooctane. Propyl-
enediamine and isopropylamine reacted with glucose to give compounds 
that were quite impure and from which no pure crystalline compound 
could be obtained. 
The catalytic hydrogenation of the glucosylalkylamines was accom-
plished in a bomb with Raney nickel as a catalyst, at temperatures below 
100° C. and 800 pounds or more of hydrogen pressure. The compounds 
isolated were N-butyl-d-glucamine [m.p. 126-127° C.; [a] 0 25 = - 14° C. 
(c., 1 per cent in 50 per cent C2H 50H) ], N-amyl-d-glucamine [m.p. 129-
1300 C.; [a]o25 = - 13.8° (c., 1 per cent in 50 per cent C2H 50H) ], N-
heptyl-d-glucamine [m.p. 126-127° C.; [a] 0 25 = -14° (c., 1 per cent in 
50 per cent C2H 50H) ], N-cyclohexyl-d-glucamine [m.p. 145-146° C.; 
[a] 0 25 = - 11° (c., 1 per cent in 50 per cent C2H 50H) ], N,N'-ethylenedi-
glucamine [m.p. (c., 136-137° C.; [a] 0 25 = -15.5° (c., 1 per cent in 50 per 
cent C2H 50H) ] , N-hexadecyl-d-glucamine (m.p. 123-124° C.) , N-octa-
decyl-d-glucamine (m.p. 118-119° C.). Reduction of the glucosylisopro-
pylamine and diglucosylpropylenediamine was also accomplished. In the 
reduction of the glucosylisopropylamine the N-alkyl-d-glucamine was con-
taminated with a reduced material believed to be sorbitol. 
These amines were basic enough to be titrated potentiometrically. 
These compounds had the property of lowering the surface tension of 
water, and several were very good wetting agents. 
Since the Amadori rearrangement was not easily effected with the 
alkylamines, a further attempt to obtain a rearranged compound was 
made by heating an excess of n-butylamine with glucose for several 
hours. Although quantitative tests showed that some enolization had oc-
curred, no isoglu·cosamine compound could be recovered from the solu-
tion. Attempted rearrangement with an amide derivative of glucose 
showed that these compounds are even more stable to rearrangement 
than the alkylamine compounds. 
The alkylamine derivatives hydrolyze about 40 per cent in a 2 per 
cent aqueous solution. The reaction was followed by change in rotation, 
potentiometric titration and extraction of the free amine at equilibrium. 
1-Aminoglucose was more stable in water solutions but equally hydro-
lyzed by dilute acid. The aryl-N-glucosides showed a decided change in 
rotation, but after 90 hours only 10 per cent of the free amine was ex-
tracted. The abnormal behavior of the rotation of the p-toluidide of glu-
cose in air and in a closed polarimeter tube indicated that changes other 
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than hydrolysis were occurring. The N-acyl-1-aminoglucose did not 
hydrolyze in water and was quite resistant to hydrolysis by dilute acids. 
An attempt to prepare the amide derivatives of glucose by direct 
condensation was made, both with glucose and acetobromoglucose. Al-
though there was evidence of reaction, no crystalline condensation prod-
uct was obtained. 
Weygand (3) postulated the Amadori rearrangement as part of the 
mechanism for osazone formation. Although the phenylhydrazine deriva-
tive of 2-methylglucose underwent a rearrangement with the loss of the 
methoxyl group and formation of glucose phenylosazone, as reported in 
the literature, the methoxyl group prevented an Amadori rearrangement 
of the p-toluidide of 2-methylglucose. 
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CONSTRUCTION AND VALIDATION OF A SCALE FOR THE 
MEASUREMENT OF ATTITUDE TOWARD FARMING1 
ALONZO M. MYSTER 
From the Department of Vocational Education, Iowa State College 
The development of desirable attitudes toward topics of social impor-
tance is recognized as one of the principal functions of education. Con-
sidered from the standpoints of legislation for agriculture, contributions 
to agricultural science, and efficiency in personal living by farm people, 
development of favorable attitudes toward farming is of social importance. 
Commitment to educational objectives necessitates and presupposes tech-
niques for evaluating the attainment of the postulated objectives. This 
investigation was, therefore, undertaken in recognition of the need for an 
objective technique for evaluating farming attitude and for information 
concerning the farming attitude variable necessary in interpreting the 
results of evaluation. 
This investigation was limited to the construction of a scale for 
measuring farming attitude, the relationship between farming attitude 
and age, and the possibility of breaking down farming attitude into two 
components, viz. , attitude toward farming as a vocation and attitude 
toward farming as a way of life. 
A series of items of uncertain origin representing opinions toward 
farming was administered to students in the Divisions of Agriculture and 
Engineering at the Iowa State College. These items were the first draft of 
an experimental scale from which the final scale was developed. Evalu-
ation of the experimental scale consisted qf determining the suitability of 
the items from the standpoints of clarity, brevity, conciseness, inclusion 
of individual philosophy concerned with values or goals of living, and 
capacity to differentiate between groups of known different farming 
attitudes. The differentiating power of the items was determined in an 
objective. fashion, v iz., noting the differences in the responses to each 
item by agricultural and engineering stuqents. This item analysis sug-
gested discarding certain items and revising others which were later 
included in a second draft of the experimental scale. 
The simple method of scoring was utilized; i. e., responses strongly 
favorable , favorable, neutral, unfavorable, and strongly unfavorable were 
given values of 5, 4, 3, 2, and 1, respectively. 
Evaluation of the second experimental scale consisted of investigating 
validity, r eliability, and sensitivity. Data for this purpose consisted of 
the performances on the scale by 1,918 boys enrolled in Iowa high schools 
serving rural youth. Reliability was determined by the split-half method, 
the coefficient of correlation between responses on odd and even items 
being .924 when stepped up by the Spearman-Brown formula. By means 
' Original thesis submitted March 13, 1943. Doctoral thesis number 709. 
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of the Z-function it was determined that the probability of obtaining an 
odd-even item correlation coefficient yielding a reliability coefficient less 
than .900 is practically negligible. 
Validity was determined by showing that the scale differentiated 
between groups of boys of known different farming attitudes. Pupils 
intending to farm made significantly higher scores than those who did 
not intend to farm. Significant differences in the scores of vocational 
agriculture and other high school pupils and between 4-H and non-4-H 
boys were also obtained. The failure to find significant differences in the 
scores of vocational agriculture pupils and 4-H pupils indicated that the 
scale did not differentiate between groups having similar farming atti-
tudes, and thus offered further evidence of the validity of the scale for 
Iowa high school boys. 
A final scale was developed from the preliminary form administered 
to the Iowa high school boys. The changes in the final scale consisted of 
rearranging the items, deleting one item, and modifying the supplementary 
information called for on the test form. Satisfactoriness of the final scale 
was determined by its internal consistency, sensitivity, validity, and 
reliability. 
Favorableness to farming as indicated by the entire scale was com-
pare~ with favorableness to farming as revealed by each item and indi-
cated that each item measured the same characteristic as the battery. 
Evidence of sensitivity was available from the lack of missing percentile 
values developed from the frequency distributions of scores made by 
Iowa high school boys. 
The validity of the scale was determined by showing that it would 
differentiate between groups with known different farming attitude. For 
this purpose, scores were available for 2,198 boys enrolled in schools 
serving rural youth in Iowa, 380 Negro boys enrolled in Maryland high 
schools, 102 Virginia N. F. A. delegates, 56 Virginia State College agri-
cultural students, 28 Princess Anne College students, and 206 freshman 
students enrolled in the Division of Agriculture of the Iowa State College. 
Comparisons of mean scores of these groups and of the percentiles of the 
mean scores indicated wide differences in farming attitude from group 
to group, thus providing evidence of the differentiating power of the 
scale. Analysis of the variance of scores in the Maryland group indicated 
that the variations of scores among schools was significantly greater than 
variations within schools. The Bartlett test of homogeneity failed to offer 
evidence that the significant F-tests were not the results of variations in 
mean scores from group to group. Differences in mean scores and the 
wide range of percentiles of the means from department to department 
at the Iowa State College offered further evidence of the . differentiating 
power of the final scale. 
Reliability of the scale was evaluated in each of the six groups. The 
reliability coefficients ranged from .883 to .942, evidencing a satisfactory 
degree of reliability. 
The relationship of age and farming attitude was determined by the 
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technique of regression analysis. Linear and quadratic equations were 
fitted to the age-attitude data from each group. The total sum of squares 
was divided into two portions, one ascribable to regression and the other 
unexplained by regression. In all cases except one, the variation explained 
by linear regression was not significantly greater than that not associated 
with linear regression. In contrast, in all groups except Iowa vocational 
agriculture pupils, quadratic regression was statistically significant. 
By setting the first derivatives of each of the quadratic equations equal to 
zero and solving for X, the age was obtained at which boys between the 
ages of 13 and 19 were least favorable to farming. In all cases farming 
attitude was a minimum at approximately 16 years of age. 
Investigation of the aspects of farming attitude consisted of scoring 
the items referring to farming as a vocation and the items referring to 
farming as a way of life as separate tests. The resulting two scales were 
evaluated for validity, reliability, and sensitivity as well as for their inter-
relationship. Percentile norms, developed from the cumulative frequency 
distributions, indicated clearly that both scales are highly sensitive. 
Reliability of the vocational and life scales was determined by the 
split-half method. The reliabilities differed from group to group, the 
ranges being .759 to .945, and .828 to .914 for the vocational and life scales, 
respectively. By means of analysis of variance it was shown that voca-
tional and life scales each differentiate between groups of known different 
attitudes toward farming. Variation in the Maryland high schools was 
significantly greater among schools than within schools. Application of 
the Bartlett test of homogeneity failed to indicate that the significance 
of among-school variance over between-school variance resulted from 
differences in variability from school to school. Comparisons of the mean 
scores and of the percentiles of the mean scores of the ~x groups pro-
vided further evidence of the capacity of the scales to differentiate among 
groups. 
The correlation coefficients between vocational and life scores in 
each group indicated that boys favorable toward farming as a vocation 
were also favorable toward farming as a way of life. Variation in the 
sizes of the correlation coefficients suggested that although for intra-
group comparisons scores on one scale may be substituted for scores on 
the other, substitutions for inter-group comparisons are not necessarily 
defensible. In fact, the evidence available suggested that attitude 
toward farming as a vocation and attitude toward farming as a way of 
life are not identical behaviors from group to group. 
Judging from the growing emphasis being placed upon attitude 
evaluation, the results of this study should have implications for class-
room teachers, school administrators, and guidance officers. The scale, 
as a whole, or divided into vocational and life scales was found to be 
valid, reliable, and sensitive. It will be found useful whenever investiga-
tions of differences among individuals or groups are necessary or de-
sirable. 
EVALUATION OF MICROBIAL ACTIVITY IN SOIL PROFILES BY 
CARBON DIOXIDE EVOLUTION AND THERMAL PROCEDURES1 
ARTHUR STANLEY NEWMAN 
From the Department of Agronomy, Iowa State College 
PART I 
The purpose of the investigations was to establish some means of 
comparing the potential activities of soil populations and to ascertain 
whether the differences between the populations of the separate horizons 
of a profile are primarily numerical or essentially qualitative as well as 
quantitative. 
Detailed studies were made of four soil profiles: Marshall and 
Clarion (Prairie), Marion (Planosol) , and Fayette (Gray-brown Pod-
zolic). Chemical analyses included total nitrogen, total carbon, and pH. 
Microbiological studies included ascertainment of C02 evolution from 
soil alone and soil plus cornstalks, and mineralization of soil nitrogen 
under optimum conditions. Water and alcohol extracts of soil were in-
vestigated for the possible presence of substances inhibitory to soil micro-
organisms. 
A C02-rate procedure was developed for the comparative evaluation 
of soil populations, which takes into acount not only the cumulative C02 
evolution but also the time elapsing before the peak rate is attained. The 
peak rate of C02 evolution from soil alone invariably occurred during 
the first day of incubation, indicating that the population of each horizon 
was well adapted to the organic matter present. Although the total 
amount of C02 produced from the soil organic matter decreased rapidly 
with increasing depth, the differences among the horizons were not great 
if measured on the basis of percentage of carbon oxidized. The amount 
of nitrogen mineralized did not decrease consistently with depth nor was 
it consistently r elated to the carbon/ nitrogen ratios of the soil horizons. 
When available energy in the form of cornstalks was added at the 
rate of 1 per cent to the soils, in general the peak rate of C02 evolution 
was attained more and more slowly with increasing depth, indicating a 
progressive reduction in size of population with depth. Concurrently 
the magnitude of the rate peak was in most cases diminished, signifying 
a r eduction in the potentialities of the population. This initial peak in 
C02 evolution from soil plus cornstalks was primarily at the expense 
of the water-soluble constituents. 
The production of C02 from subsurface soil plus cornstalks was not 
much increased by inoculation with a surface soil population either by 
direct addition of soil or addition of soil suspension. Similar . inocula 
in sand exhibited great activity. The failure of surface soil populations 
1 Original thesis submitted August 20, 1942. Doctoral thesis number 684A. 
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to develop normal activity in the subsoil may have been due to the 
presence of bacteriostatic substances in the latter. 
Aqueous extracts of air-dried and fresh surface soils in general had 
no inhibitory effect on the growth of soil bacteria according to plate 
counts of a soil suspension and to pure cultural studies. The growth of 
bacteria in pure culture was measured with an Evelyn-<!e-l<mimeter. 
However, the alcohol extract of soil generally depressed the growth of 
certain soil bacteria and fungi on plates. The alcohol extract of an A1 
horizon. had no influence on the counts of bacteria from a suspension of 
the same horizon, but caused a significant depression in the counts of 
soil suspensions of all horizons below it 'that were tested. 
The presence in soil of bacteriostatic substances may keep the popu-
lation of soils stabilized by preventing the ready development of intro-
duced organisms. Apparently these inhibitory substances are produced 
in situ, because if they are produced in the A horizon and leached 
down to the B and C horizons, the bacteriostatic action should not be 
evident on inoculation with surface soil. 
PART II 
Heat, C02 and water are the main endproducts of microbial metabolic 
activity. The measurement of heat production or temperature rise is 
theoretically a more satisfactory method for the ascertainment of 
microbial activity than C02 production, since C02 production gives an 
incomplete impression of the decomposition processes. That is, com-
pounds are not oxidized directly to C02 and water, but rather the oxida-
tion is stepwise and with a mixed population not necessarily carried 
through to completion by one organism alone. These studies had the 
objectives of devising a thermal procedure to determine accurately yet 
simply the decomposition of organic materials in soil and of utilizing this 
procedure to ascertain microbial activity of soil populations. 
The temperature changes of soils brought to optimum moisture 
content by addition of sucrose-nitrogen solutions were measured either 
galvanometrically or potentiometrically using copper-constantan thermo-
couples. In general 350 g. soil with 2.36 g. sucrose was placed in each of 
three pint jar style Dewar flasks. The experiments were run in a con-
stant temperature room held within 0.1°C. of the desired temperature. 
Evolution of heat due to heat of wetting phenomenon by soil colloids 
and cooling due to evaporation of water from the soil surface caused 
difficulties in selecting the proper base temperature from which to cal-
culate temperature changes. The h eat of wetting effect was nullified by 
employing fresh moist soil samples, or air-dry samples which previously 
had b een pla~ed in a saturated atmosphere. The net effect of water 
evaporation from the soil surface was reduced by using a large amount 
of soil in comparison with the volume of the Dewar flask. 
The variation of the time-temperature curves amongst identically 
treated soils was somewhat greater than was to be desired, and only a 
part was accounted for by the small differences in the cooling curves 
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of the Dewar flasks. These variations between replicates are believed 
to be due to differences in the packing of the soil and distribution of 
moisture throughout the soil mass. 
In a number of surface soils examined the maximum temperature 
change ranged from 2.5 to almost 7°C. and the time of maximum temper-
ature ranged from 35 to 90 hours after moistening the soil. 
The shape of the curves was interpreted in terms of microbial 
activity of the soil population. Soils that had been air-dried exhibited a 
lag period prior to the onset of temperature rise, which was probably 
due to the inactive state of the micro-organisms present in the soil. A 
high maximum temperature early attained indicated a large population 
capable of utilizing the energy material. On the other hand, a low 
maximum temperature without any pronounced peak temperature might 
indicate populations not so well able to utilize the energy material, or 
alternately this type of curve may be due to the sequence of organisms 
in the oxidation of the sucrose. 
THE EFFECT OF VARIOUS ORGANIC RADICALS ON THE 
ATOMIC REFRACTIVITIES OF THE HALOGENS1 
WILLIAM KENNEDY PLUCKNETI 
From the Department of Chemistry, Iowa State College 
Small variations in the atomic refractivities of any given atom in a 
series of its compounds have long been observed, but few attempts have 
been made to correlate these variations with other properties of the com-
pounds. Since most of the refraction of compounds arises from the 
interaction of light with the valence electrons, it seems that there 
should be an intimate relation between atomic refractions and the 
chemical bond. 
This investigation was undertaken in an attempt to discover what 
effect, if any, organic radicals exert on the refractions of the atoms with 
which they are combined. A series of organic iodides, bromides, chlor-
ides, and their parent hydrocarbons was chosen for study since it was 
felt that any order of radicals obtained on the basis of the effect on one 
halogen should be capable of being checked with the other halogens. 
It was also sought to determine if the order obtained was independent 
of the wave-length of light used. To do this, the molar refractions, as 
defined by the Lorentz-Lorenz formula 
nx2 -1 
R1o.=----
n 1o.2 + 2 
M 
-, 
d 
were calculated for each of seven visible spectral lines for each sub-
stance. The seven spectral lines used were: Ha, 6563; Na D, 5893; Hg 
yel., 5770; Hg grn., 5461; H/J, 4861; Hg blue, 4358; and Hg viol., 4047. 
Dispersion equations of a modified form of the Sellmeier equation, 
b 
n2 = a+----
c -v2 
in which the three constants, a, b, and c, were evaluated by choosing 
values of n corresponding to three frequencies of light, were fitted for 
each compound, and the molar refractions at infinite wave-length were 
calculated. 
Refractive index measurements were made with a small, hollow 
prism on a spectrometer, the scale of which could be read to the near~st 
20 seconds. The density measurements were made with capillary pycno-
meters of about 10 milliliter capacities. 
The atomic refractions of the halogens were calculated by sub-
tracting the measured molar refractions of the parent hydrocarbons, less 
1 Original thesis submitted August 20, 1942. Doctoral thesis number 683A. 
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the atomic refraction of hydrogen, from the measured molar refractions 
of the halogen compounds. 
The order of radicals with the liquid compounds, benzyl, p-tolyl, 
phenyl, and n-heptyl, with the atomic refractions of the halogens being 
highest with the first named, was established and maintained for each 
spectral line including that of infinite wave-length. The same order was 
also obtained when the atomic dispersions for the halogens were compared. 
The molar refractions of the ortho- and meta-halonitrobenzenes were 
measured in dioxane solutions at 0.2 and 0.4 mol fraction concentrations. 
It was found that the atomic refractions of the halogens are always 
higher for the meta compounds at all wave-lengths of light including that 
oi infinite wave-length. The molar refractions are always appreciably 
higher in the more dilute solutions. 
Table 1 gives the boiling points, the densities at 20.0° C. calculated 
TABLE 1 
PHYSICAL CONSTANTS OF THE LIQUIDS 
b. p. d;2c. nig Ro R., 
Compound o/mm. I 
Benzene ... . .. . .. .... . . . 79 .8/ 743 0 .87774 1.50114 26 .220 25. 129 
Chlorobenzene ..... . .... 131 .0-. 1/ 739 1.10648 1 .52440 31 .144 30 .002 
Bromobenzene ..... ..... 156.0/ 740 1 . 49543 1.55948 33.925 32 .561 
lodobenzene .... ... .. . .. 188 .0/ 737 1 .82903 1 .62086 39 .226 37 .460 
Toluene ....... . ........ 109 .9/ 742 0.86591 1 .49711 31 . 141 29.916 
p-Chlorotoluene ... . .... 160 .7/736 1.06930 1 . 52047 36.016 34 .648 
p-Bromotoluene . ... . ... . 184 .0/ 743 1 . 39296 * 1 .54748* 38.968 37 .452 
p-Iodotol uene ........... 210 .7/ 735 1.67267t 1. 59509t 44 .300 42 .310 
Benzyl chloride . .. ...... 177. 7/741 1. 09921 1 .53879 36.064 34 .729 
Benzyl bromide .. .. .. . .. 197 .0/734 1. 43845 1 . 57671 39.388 37 .689 
n-Heptane ....... ...... 97 .5/734 0 .68380 1 . 38807 34 .582 33 .803 
n-Heptyl bromide . . .... 37 .2/ 3mm. 1 .13910 1 .45027 42 .277 41 . 211 
n-Heptyl iodide . ........ 203 .4/ 739 1 .38001 1. 49085 47 .441 46.003 
Nitrobenzene .... . . . . . . . 209 .1/ 740 1 .20306 1 .55203 32 .696 31 . 160 
* at 30°. tat 40°. 
to a vacuum, the refractive indices for the Na D line and the light of in-
finite wave-length for each of the liquids studied. 
'!'able 2 gives the melting points, ~nd the molar refractions for the Na 
TABLE 2 
PHYSICAL CONSTANTS OF THE SOLIDS 
0 . 2 mo! frac . 0 . 4 mo! frac . 
Compound 
m.p. 
0 Ro R., Ro R., 
m-Chloronitrobenzene .... 45 .0 38 .208 35 .970 38 .089 36 .225 
m-Bromonitrobenzene .... 55 .5 41.038 38 .950 40.957 38 .937 
m-Iodonitrobenzene .... . 37. 7-38.0 46 .281 44.065 46.090 43.608 
o-Chloronitrobenzene .. .. 31 .7- .9 37. 899 35 .863 37. 674 36. 140 
o-Bromonitrobenzene .... 38 .5- 39 .0 40 .762 38 . 499 40 .589 38 .280 
o-Iodonitrobenzene ...... 49.0-. 2 45 .918 42.863 43 .682 42.439 
Nitrobenzene ..... . ..... b.p. 209 . 1/ 740 33.109 31 .621 32 .894 31.168 
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D line and light of infinite wave-length at 0.2 and 0.4 mol fraction concen-
trations for each of the solids studied. 
Tables 3 and 5 give the atomic refractions of the halogens and their 
differences in the liquids and solids, respectively. 
TABLE 3 
ATOMIC REFRACTIVITIES OF THE HALOGENS AND THEIR DIFFERENCES IN 
THE LIQUIDS FOR THE Na D LINE 
Radical I Br Cl I-Br I-Cl 
Benzyl. ...... . . . . . . . . . . . . . . 9 .348 6.024 . .. . . . . . . . . . . . . . . . 
p-Tolyl. .. . . . . . . 14 .260 8.928 5.976 5.332 8 .284 
Phenyl ....... 14 .106 8 .805 6 .024 5.301 8 .082 
n-Heptyl. ...... 13 .959 8 .795 . . . . . . . . . 5 . 164 . ... ...... 
Br-Cl 
3.324 
2 .952 
2. 781 
. . . . . . .. 
Table 4 gives the atomic dispersions of the halogens and their differ-
ences for the region between the Ha line, 6563 A, and the Hg blue line, 
4358 A, for each of the liquids. 
TABLE 4 
DISPERSION Of ATOM IC R EFRACTION& B ETWF:rN Hg BLUE AND H 0 LINES OF THE HALOGEN 
Aro~IS AND TI-I EIR DIFFERESCES 
Radical I Br Cl I-Br I-Cl Br-Cl 
Benzyl. ..... . . . . . . . . . . . . .. . 0 .555 0.215 . . . . . . . . . . . ....... 0 .340 
p-Tolyl. . ..... . .. 0 .899 0 .395 0 .226 0 .504 0 .673 0 . 169 
Phenyl .... . . . ... 0 .878 0.387 0 .215 0 . 491 0.663 0 . 172 
n-Heptyl ... . . . . . . 0 .780 0.352 . . . . . . . . . . 0 . 428 . . . .... . . . . . . . . .. 
Although it seems significant that the same order of radicals is 
maintained when effects on the atomic refractions of each halogen and 
their dispersions are considered, no linear relationship is observed be-
tween this and "electron-sharing ability," Kharasch's electronegativity 
series, molecular weight, or chemical reactivity. Atomic refraction is un-
doubtedly due to a complex combination of various forces acting in differ-
ent directions. 
TABLE 5 
ATOMIC REFRACTIVITIES OF THE HALOGENS AND THEIR DIFFERENCES IN 
THE SOLIDS WITH THE Na D LINE 
Radical I Br Cl I-Br I-Cl 
0.2 mol fraction 
m-Nitrophenyl. .. . 14 .272 9 .029 6 .199 5 .243 8.073 
o-Nitrophenyl .... 13 .909 8 .753 5 .890 5 .156 8 .019 
0.4 mol fraction 
m-Nitrophenyl .... 14 .296 9 . 163 6 . 295 5 .133 8 .001 
o-Nitrophenyl .... 13.888 8 .795 5.880 5.093 8 .008 
Br-Cl 
2 .830 
2 .863 
2 .868 
2 .915 
OXYGEN CONSUMPTION AT VARIOUS TEMPERATURES 
BY NYMPHS AND ADULTS OF THE GRASSHOPPER, 
MELANOPLUS DIFFERENTIALIS (THOMAS) 1 
LOUIS ADAM RIEHL 
From the Department of Zoology and Entomology, Iowa State College 
A review of the literature of respiratory metabolism of insects is 
presented and accompanied by a tabulated summary of measurements 
of the respiratory metabolism of insects for the period 1914 through 1941. 
The writer used the grasshopper, Melanoplus differentialis, as the 
experimental insect. Eggs of M. differentialis collected in the field were 
identified in the laboratory according to the method of Tuck (1939). 
After the diapause was broken, the eggs were placed in damp sand and 
incubated in a constant temperature cabinet operating at 30° C. The 
nymphs and adults were reared in Riley cages placed in a heated, sunlit 
greenhouse; they fed on potted plants of barley, wheat, corn, and alfalfa 
placed in the cages. · 
The instars were separated according to the key for Melanoplus 
bivittatus devised by Shotwell (1941), and each instar was kept separate 
from the others. 
The instrument used to measure the oygen uptake was the Warburg 
manometer, a constant volume type of respirometer. Three sizes of 
Warburg fl.asks, 5 cc., 15 cc. and 150 cc., with central well were used. 
First and second instar nymphs were placed in 5 cc. fl.asks. The 15 cc. 
fl.asks were used for third and fourth instar nymphs; and 150 cc. fl.asks 
were used for fifth instar nymphs and adults. The Warburg manometers 
were used according to directions given in Dixon (1934). 
The Warburg manometers were suspended on the side of a water 
bath so that the fl.asks were immersed in the water during the intervals 
used to measure the oxygen uptake. Temperature control of the water 
bath was accomplished through the use of a quick-set bi-metallic thermo-
stat. Three blade type heating elements provided the heating unit. When 
temperatures below that of room temperature were desired, a cooling 
unit consisting of a pump to circulate water from a cold coil, surrounded 
by cracked ice, outside the bath to a coil in the bath through the pump 
and back to the cold coil was used. 
The volume of the insects introduced into the fl.ask, needed for calcu-
lation of the manometric constant, was determined by the use of a 
volumenometer. A figure showing details of the volumenometer is pro-
vided and directions for its use are given. 
According to Parker and Shotwell (1932) and Shotwell (19·41) the 
threshold temperature for spontaneous movement in Melanoplus differ-
entialis occurs at 68° F. In order to study the relationship of rate of 
'Original thesis submitted August 20, 1942. Doctoral thesis number 686A. 
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metabolism to the threshold temperature for spontaneous movement, the 
oxygen uptake was measured for each nymphal instar and for young 
adults of M. differentialis at the controlled temperature of 40°, 50° , 60°, 
65°, 70°, and go o F. 
The number of grasshoppers which could be accommodated without 
. crowding in a manometric fl.ask suitable to their size was determined to 
be ten first instar or five second instar nymphs in a 5 cc. fl.ask, five third 
instar or three fourth instar nymphs in a 15 cc. fl.ask and five fifth instar or 
two adults in a 150 cc. fl.ask. The use of several individuals in a 
respirometer fl.ask resulted in average readings, but enabled the author 
to use a short interval for the measurement of oxygen uptake. Also, it 
was felt that fluctuations between respirometers would not be as great as 
if single individuals were used. 
Groups of grasshoppers to be used in the measurement of oxygen 
uptake were selected at random from a stock cage. They were weighed 
to 1 mg. on a balance accurate to 0.1 mg. 
Care was taken to avoid injuring the grasshoppers while handling 
them in. selection, weighing, and placing them in the respirometers. 
After the grasshoppers were placed in a respirometer properly ar-
ranged to measure oxygen uptake, the respirometer was placed on the 
water bath. The stopcock was left open for 30 minutes to allow equaliza-
tion. of pressure within the respirometer due to change in temperature 
from that of room temperature to that of the water bath. This interval 
also gave the grasshoppers an opportunity to become accustomed to their 
surroundings, recover from the excitation of being handled, and quiet 
down. 
At the end of the 30 minutes the liquid in the manometer was ad-
justed to the 150 mm. mark, and the stopcock closed. During the follow-
ing 15 minutes any carbon dioxide which might have been present in the 
air or produced by the grasshoppers during the preliminary 30-minute 
conditioning period was taken up. At the end of this 15-minute interval 
the stopcock was left closed; the level of the liquid in the right-hand arm 
of the manometer was adjusted to the 150 mm. mark, and the reading 
of the liquid taken in the left-hand arm of the manometer. Observation 
of the respiratory metabolism was taken for the following 15-minute 
interval. 
After correction by the manometric constant, · the results were 
recorded as oxygen uptake in cmm./mg./ 15 min. 
In addition to a study of the relationship of the rate of metabolism 
to the threshold temperature for spontaneous movement, the oxygen 
uptake of adult Melanoplus differentialis males and females was meas-
ured at goo F . at weekly intervals from the beginning of adulthood until 
death. Also, measurements were made of the oxygen uptake at goo F. of 
adult male and female Periplaneta americana (Linn.), Brachystola 
magna (Scudd.) , and Schistocerca lineata Scudder, and of female Scud-
deria furcata Brunner. 
';l'he results are presented in tables. Graphs showing the oxygen up-
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take of each instar at various temperatures and the oxygen uptake of the 
various instars at each temperature are given. A summary of results is 
presented in Table 1. 
TABLE 1 
MEANS OF OXYGEN UPTAKE IN CMM./Mo./15 MIN . OF NYMPHS AND ADULTS OF M elanoplus 
dijfertntialis AT VARIOUS TEMPERATURES 
Temperatures in D egrees Fahr. 
Ins tars 40 so 60 65 70 80 
First ... . . ....... .026± .006 .067± .006 .095± .016 .153± .041 .219± .015 .376± .033 
Second ... . ...... . 031 ± .006 .051 ± .007 .104± .012 .145± .010 .197± .018 . 338± .050 
Third ._ .. .. ... .. . . 024± .004 .033± .007 .092± .008 .105± .013 .160± .003 .264± .028 
Fourth . ...... . .. .021 ± .007 .042± .012 .078± .013 .115± .009 .156± .025 .274± .025 
Fifth . . .. . ....... .023± .009 .046± .005 .069 ± .014 .104± .016 .124± .025 .189± .038 
Young adult 
Males ......... . 021 ± .005 .023± .003 .059±.009 .072± .006 .083± .033 .160± .030 
Females . ...... .025± .008 .028± .002 .072± .012 .101±.031 .130± .057 .199± .031 
The following conclusions may be drawn. 
1. The oxygen uptake of the five nymphal instars of Melanoplus 
differentialis increases at a uniform rate with increase in temperature 
between 40° and goo F . 
2. No significant difference is shown in the means of oxygen uptake 
of adult Melanoplus differentialis at 40° and 50° . 
3. The rate of oxygen uptake indicates that a sudden increase or 
significantly higher rate of metabolism is not associated with the thresh-
old temperature for spontaneous movement in Melanoplus differentialis; 
or that as the temperature approaches the threshold temperature for 
spontaneous movement the rate of metabolism does not increase more 
than would be expected from the change in temperature. 
4. The rate of oxygen uptake at goo F. during the growth of 
Melanoplus differentialis from first instar to adult is in agreement with 
Rubner's Surface Law. 
5. Contrary to the expectations in accordance with Rubner's Sur-
face Law the means of oxygen uptake of instars of Melanoplus differen-
tialis at 40° F. do not differ significantly. 
6. The oxygen uptake of fourth instar nymphs of Melanoplus differ-
entialis at each of 65°, 70°, and goo F. is higher than would be expected 
from the surface law relationship. 
7. During the first two weeks of adult life, female Melanoplus 
differentialis have a higher oxygen uptake than males of the same age; 
after adult Melanoplus differentialis are three weeks old the oxygen up-
take of males is higher than that of females. 
g_ The males of Schistocerca lineata, Brachystola magna and Peri-
planeta americana have a slightly higher rate of metabolism at go o F. 
than do the females. 
9. A significant decrease at the third week is shown in the means of 
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oxygen uptake of females Melanoplus differentialis measured at successive 
weekly intervals during adult life. It is suggested that this is perhaps due 
to the high rate of oxygen uptake at the beginning of adult life in the 
development of the ovaries and formation of the eggs followed by the 
gravid conditioh and beginning of egg-laying activities at about the third 
week of adult life. 
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FACTORS ASSOCIATED WITH THE RETENTION OF CARBON 
DIOXIDE IN CARBONATED BEVERAGES1 
JOfIN MINERT SHARF 
From the Department of Chemical Engineering, Iowa State College 
Carbon dioxide dissolved in water forms the basis of most carbonated 
beverages. As held under gas pressure in bottles or containers, the 
amounts of carbon dioxide present in the liquid are in excess of the 
normal solubility at atmospheric pressure. Brought to atmospheric 
pressure on opening the container, the carbon dioxide is released, until 
equilibrium is reached at the solubility corresponding to the existing 
temperature. The carbon dioxide liberation is not instantaneous, but 
varies in rate apparently with the attendant circumstances. Hence, the 
retention, or conversely, the rate of release of this ingredient has been a 
subject of interest and unorganized speculation for many years. 
A study was made to investigate the retention of carbon dioxide in 
liquids commonly employed in carbonated beverages, under the condi-
tions generally associated .with their preparation and use. The amounts of 
carbon dioxide present are measured as volumes, the same solubility 
factor as Bunsen's alpha, which indicates the volumes of gas, corrected to 
0°C. and 760 mm. of mercury, per volume of water. Measurement of the 
gas content may be made by piercing the metallic closure of a bottle with 
a hollow needle attached to a pressure gauge, and interpreting this ob-
served pressure reading into volumes of carbon dioxide by indexing 
against the temperature of the bottle contents on a standard chart. Such 
charts have been based on observed solubilities of carbon dioxide at 
atmospheric pressure within the temperature range of 32° to 100°F., com-
puting solubilities at higher pressures as multiples of those at one atmos-
phere, assuming the applicability of the ideal gas laws in this instance. 
A carefully calibrated stainless steel bomb was used to duplicate the 
conditions found in a closed container; it also served as a very excellent 
means for absorbing carbon dioxide under pressure in the liquids in 
question. The accepted solubilities of carbon dioxide in water at atmos-
pheric pressure were checked within the range of 32° to 100°F., and found 
accurate. Other factors were believed to be acting at pressures above 
atmospheric, and a series of temperature-pressure relationships were 
investigated, checking the actual carbon dioxide content in each run by 
removing it from the liquid and measuring its volume. 
From such observations it would be possible to predict accurately the 
amount of carbon dioxide present in a given closed system by measuring 
the developed gas pressure at a known temperature. In a closed container, 
the total gas is divided between that compressed in the top space above 
the liquid and that absorbed in the liquid. With rising temperature, carbon 
1 Original thesis submitted December 10, 1937. Doctoral thesis number 449. 
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dioxide appears to migrate into the top space, probably due to the solu-
bility decrease proceeding more rapidly than the compressibility of the 
gas with temperature rise. This phenomenon was studied with carbon 
dioxide contents of 2 to 5 volumes and with ratios of top space to total 
container volume of 1 in 30 minimum to 1 in 5 maximum. 
It was found that the size of the top gas space above the liquid in the 
container exerted a marked effect, lowering the resulting pressures with 
temperature rise as the relative size of the top space was increased. Air 
pr esent in the top space as an impurity in the carbon dioxide exerted an 
additive pressure above the normal without appreciable increase in the 
total gas dissolved in the liquid because of the low relative solubility of 
air in. water. Sucrose in solution decreased the solubility of carbon 
dioxide in the liquid in direct proportion to the amounts present and 
exerted a slight lowering effect on the temperature-pressure relationships. 
Small amounts of mineral salts and flavoring agents, not including sugar, 
showed no appreciable effect on the temperature-pressure relationships. 
Consideration of these observed temperature-pressure relationships 
indicated the possibility of computing the values by mathematical formu-
lae allowing compensation for the relative top spaces, from which 
corrections could be applied to the theoretical standards used in industry. 
The effect of the top space was found to be independent of the size of the 
container but correlated with the ratio of the top space to the total volume 
of the container. The air content could be expressed as an imposed pres-
sure above that of the carbon dioxide. Sucrose in solution could be com-
pensated by adjustment of the top space ratio, since it appeared that the 
sucrose was displacing a portion of the active absorbing water. 
The amounts of carbon dioide in varying combinations of liquid and 
top space being readily predictable, it was possible to use these readings 
as the basis for the study of the gas retention by the liquid on the release 
of pressure. The bomb used was fitted with a side arm valve, which 
would allow controlled release of the gas to a measuring system. Dis-
placement flasks consisting of balanced liquid systems were employed, 
which allowed the evolved gas to displace an inert saline solution at a 
constant back-pressure. The displaced saline solution could then be 
measured r eadily and accurately. It was observed that the evolution of 
carbon dixoide could be shown as a straight line function of the logarithm 
or time when plotted graphically, and that the slope of this line would 
serve as an index to the rate of evolution for any given run. 
Under the conditions of observation, a number of relationships ap-
peared reasonable. As the amounts of absorbed carbon dioxide were 
increased, the evolution rates from the liquid increased regularly with 
evidence of a range of instability beyond which the evolution rates in-
creased disproportionately. As the temperature of evolution from the 
liquid was increased, the rate of evolution also increased in relatively 
proportionate manner, due probably to increase in the gas tension in the 
liquid and increase in the rate of diffusion of gas through the liquid to 
points of bubble formation. Air in the gas was found to decrease the 
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stability of the absorbed carbon dioxide, promoting rates of evolution in 
excess of the proportionate amounts of air present. Sucrose in the solu-
tion lowered the solubility and possibly the rate of diffusion of the gas in 
the liquid, lowering the evolution rates, while other common flavoring 
ingredients showed no appreciable effect. 
In considering the mechanism of gas release from the liquid, it was 
observed that nuclei for bubble formation were extremely important, 
since without bubble formation the rates of gas loss by the mechanism 
of diffusion through the surface were relatively negligible. The number 
and distribution of physical nuclei showed a proportionate trend to the 
rates of evolution found , so that in most cases at a given temperature 
the rate of evolution observed will be a combined function of the total 
carbon dioxide content and the active nuclei on the container walls or 
distributed through the liquid. 
In practice, it will be possible to predict more accurately the amounts 
of carbon dioxide present in any given system or container through the 
corrected temperature-pressure relationships established, and, by control 
of the action of nuclei, it will be possible to obtain retention character-
istics as desired for any given carbon dioxide content. 
CHANGES PRODUCED IN GROWTH, REPRODUCTION, BLOOD, 
AND URINE OF RATS BY INGESTION AND ORAL 
ADMINISTRATION OF COBALT SALTS1 
ELBERT G. SMITH 
From the Department of Chemistry, Iowa State College 
A study was made of the effects upon growth, reproduction, and lac-
tation of rats fed an adequate basal ration to which cobalt chloride or 
cobalt nitrate had been added. Concentrations of 25 parts per million 
or less of cobalt added to the diet were found to be without appreciable 
effect on the growth rate, success of lactation, and reproduction of the 
first litter. When 50 parts per million of cobalt were added to the diet, 
growth of rats was decreased, primarily due to the decreased feed intake; 
the number of young per litter, the weight of each litter, and the average 
weight of each young were all decreased, and success in lactation was 
decreased to a small extent. With concentrations of 100 parts per million 
or more of cobalt added to the diet, reproduction ceased entirely. With 
200 parts per million of cobalt in the diet, growth was decreased both 
because of decreased feed intake and because of some other toxic effect 
of the cobalt salt within the organism. The decreased growth rate caused 
by 200 parts per million of cobalt in the diet was not due to any perma-
nent injury to the rat (as far as growth was concerned) since growth 
was resumed when the cobalt salt was omitted from the diet. In all 
cases, the decreased growth caused by adding cobalt salts to the diet was 
approximately proportional to the concentration of cobalt salt fed. When 
concentrations of 500 parts per million of cobalt were fed to young rats, 
they died within 3 to 5 weeks. Higher cobalt concentrations in the ration 
were lethal in a shorter length of time. 
Cobalt analyses were made on tissues of rats fed cobalt salt and on 
tissues of rats which had not received added cobalt salt in their diet. In 
general, the tissues of rats not fed cobalt salts contained less than 1 part 
per million of cobalt. The tissues of rats fed cobalt salt showed marked 
increases in cobalt content in the liver and kidneys with lesser increases 
in the spleen, pancreas, heart, lungs, and testes. The least increases in 
cobalt content occurred in the intestine and the stomach. Only in the 
liver was the concentration of deposited cobalt proportional to the con-
centration of cobalt fed in the diet. Deposition of cobalt in the kidneys 
was less than in the liver but greater than in the other organs studied. 
When young rats were fed a diet containing 100 parts per million of added 
cobalt (as cobalt nitrate), the concentration of cobalt deposited in the 
liver reached its maximum value in 4 to 5 days after the feeding of such a 
ration was started. 
When rats were fed 50 or 200 parts per Inillion of added cobalt and 
' Original thesis submitted May 26, 1943. Doctoral thesis number 716. 
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control groups were fed the same weight of the basal ration as consumed 
by the rats receiving cobalt, the amount of reducing sugar in the urine 
of the rats fed cobalt salt was almost twice that of the controls not fed 
added. cobalt. Albumin was present in the urine of rats fed cobalt salt 
as well as in that of rats not fed cobalt salt. The concentration of non-
protein nitrogen in the blood was apparently not altered by feeding cobalt 
salt under these circumstances. 
Ten parts per million of cobalt (as cobalt nitrate) in the diet seemed 
to be the lowest concentration that would stimulate hemoglobin forma-
tion, and this stimulation was not permanent, the hemoglobin concentra-
tion decreasing after about 14 weeks to the level of the controls not fed 
added cobalt salt. 
When cobalt nitrate or cobalt chloride solutions were injected by 
stomach tube into the stomachs of anesthetized rats, the minimum lethal 
dose was found to be approximately 20 milligrams of cobalt per 100 grams 
of body weight. There was little difference in the toxicity of the two salts. 
When less than the lethal amount of cobalt salt was injected by 
stomach tube, the blood sugar concentration increased markedly in 30 to 
60 minutes after the injection and increased still more from 60 to 120 
minutes after the injection. The effect was more pronounced when more 
concentrated solutions were injected, even though the same amount of 
cobalt was given. The hyperglycemia was not due to the slight acidity 
caused by hydrolysis of the cobalt chloride. When 200 milligrams of 
glycine were injected by stomach tube along with 20 milligrams of cobalt, 
no such increase in blood sugar concentration occurred, the glycine 
apparently detoxifying the cobalt salt. When glucose solutions were 
injected into the stomach with cobalt salt in a similar manner, the normal 
decrease in blood sugar concentration in 60 to 120 minutes after injection 
(expected of glucose injections alone) did not occur, the blood sugar 
concentration remaining at a constant, elevated value during the 60- to 
120-minute period after injection. Apparently the normal blood sugar 
decrease expected from the glucose injection was just offset by the 
hyperglycemia caused by the toxic action of the cobalt salt. 
When glycine and cobalt chloride were fed to rats in the growing 
ration, glycine completely failed to prevent the cobalt salt from decreas-
ing growth and stopping reproduction. In addition, the added glycine 
failed to prevent the added cobalt salt from increasing the hemoglobin 
concentration and the erythrocyte count in the blood. 
FORMS OF INORGANIC PHOSPHORUS IN THE LOWER HORIZONS 
OF SOME IOWA SOILS AS INDICATED BY PLANT 
AVAILABILITY AND CHEMICAL METHODS1 
lVIATTHIAS STELLY 
From the Department of Agronomy, Iowa State College 
The productivity of subsoils is well known to be less than that of their 
respective surface soils, and moreover, the ability of various crops to 
thrive on subsoils differs noticeably. Of the several theories which have 
been advanced to explain the relative unproductivity of subsoils, the 
deficiency of phosphorus in a form available to plants has been given 
considerable attention. 
The amounts of total and dilute acid-soluble phosphorus have been 
found to increase with depth in the soil profile below the surface horizon, 
excepting for a few cases. Crop yields, however, are not in step with 
these increases, and it appears that the subsoil phosphorus may be rela-
tively unavailable. The form of phosphorus present in seven Iowa subsoils 
har. been investigated, directly by plant availability determinations in 
the greenhouse, and indirectly by solubility studies and comparisons with 
known phosphorus-bearing minerals in the laboratory. 
Soil samples from several depths of the soil profile were obtained, 
treated, potted in 2-gallon earthenware pots, and planted in triplicate to 
various crops. The average dry weight for each treatment was used as 
an indication of phosphorus availability, since potassium and nitrogen 
were added to all soil samples. The soils used were Weller, Fayette, 
'l'ama, Marshall, Grundy, Clarion, and Shelby. 
The laboratory investigations were made on the C horizon of the same 
soifo which were used in the greenhouse, and on Tennessee Brown Rock 
Phosphate, apatite, vivianite, dufrenite, wavellite, variscite, Volclay 
bentonite, and kaolinite receiving various treatments. Phosphorus was 
extracted during 24 hours with solutions having the pH adjusted over a 
wide range with dilute HCl and NaOH. Certain subsoils were also 
extracted during 30 minutes and at varying soil to .002 N H 2S04 solution 
ratios. On the basis of comparisons of the phosphorus solubility character-
istics of subsoils and minerals and of the greenhouse evidence, interpre-
tations were made as to the forms of phosphorus probably present in the 
subsoils. 
The results may be summarized as follows: (1) Grass crops grown on 
the Grundy C horizon gave greater response to phosphate fertilization 
than calciphilic legumes even though a high content of dilute acid-soluble 
phosphorus was present. Corn and alfalfa increased in yield as a result 
of phosphate fertilization of calcareous Clarion subsoil which contained 
a moderate amount of dilute acid-soluble phosphorus; however, the phos-
1 Original thesis submitted July 10, 1942. Doctoral thesis number 673A. 
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phorus requirement of alfalfa was satisfied with a smaller application 
than was that of corn. The relatively high pH of the subsoils makes the 
presence of tricalcium phosphate possible. Improvement of the aeration 
and drainage conditions in Grundy subsoil did not affect crop yields. 
The curves representing the phosphorus extracted from Grundy and 
Clarion subsoils over a wide pH range are very similar to those of calcium 
phosphates in that they indicate high solubility of phosphorus in acid solu-
tions and low solubility at high pH values. An apatite or apatite-like 
form of phosphorus probably exists in these two subsoils as indicated 
from the observations stated above. 
(2) Tama and Marshall C horizons are slightly acid and contain high 
amounts of dilute acid-soluble phosphorus which is not available to grass 
crops but is available to calciphilic plants, especially alfalfa. To satisfy 
the phosphorus need of sudan grass, a very large phosphate application 
was necessary; alfalfa was able to use the native supply. Corn and sudan 
grass responded to phosphorus fertilization on Tama, whereas alfalfa, 
sweet clover, and red clover did not. Addition of the surface soil of 
Marshall silt loam to the subsoil resulted in increased plant growth prob-
ably owing to the release of phosphorus. Addition of undecomposed 
organic matter was of no advantage to the growth of_ the first two crops 
but gave an increase with the third crop. The dilute acid-soluble phos-
phorus was reduced upon adding organic matter. Acidifying the soil before 
growing crops increased phosphorus availability as indicated by the re-
duced response to phosphorus fertilization and much greater yields of 
sudan grass and corn. Liming had no effect on yields. Crop yields on 
Marshall C horizons were substantially increased by the addition of silica 
gel but not by improvements in aeration and drainage. The phosphorus 
solubility data for Tama and Marshall subsoils were not markedly similar 
to those for any one mineral; however, similar results could be expected 
from the presence of a mixture of apatite and vivianite since both these 
minerals exhibit high phosphorus solubility below pH 5.5 and vivianite 
yields large amounts of soluble phosphorus at pH above 7.0. A rapid 
decrease in the phosphorus concentration of extracts was obtained as the 
soil to acid extractant ratio widened, thereby indicating a rapid exhaustion 
of an acid-soluble form of phosphorus. These results indicated the 
presence of a mixture of tricalcium phosphate and vivianite in the Tama 
and Marshall C horizons. However, the possibility of having tricalcium 
phosphate supplemented with aluminum phosphates cannot be fully dis-
carded without further investigations. 
(3) The phosphorus in the C horizon of Weller and Fayette subsoils, 
which contained a large amount of dilute acid-soluble phosphorus, was 
equally available to grasses and alfalfa. Liming caused a slight decrease 
in the availability of the phosphorus to the first grass crop but not to 
alfalfa; silica gel had no appreciable effect on Fayette subsoil phosphorus 
available to plants. Liming increased the amount of dilute acid-soluble 
phosphorus in both the Weller and Fayette subsoils, whereas silica gel had 
no appreciable influence on the dilute acid-soluble phosphorus in Fayette 
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subsoil. Undecomposed organic matter had no substantial influence on 
plant growth nor on the acid-soluble phosphorus in Fayette subsoil. Large 
amounts of phosphorus in these two subsoils were soluble at high and low 
pH values which is in agreement with the solubility of vivianite phos-
phorus. The soil reactions of Weller and Fayette C horizons are pH 5.0 
and 5.2 which suggest the absence of tricalcium phosphate as the principal 
form. These data indicate the presence of vivianite as the form of phos-
phorus in Weller and Fayette C horizons. 
( 4) The Shelby C horizon has a pH of 5.48 and a low amount of dilute 
acid-soluble phosphorus which exclude the possibility of tricalcium phos-
phates being the principal form of phosphorus. Sudan grass and alfalfa 
respond to phosphorus fertilization and make little growth on this sub-
soil. The phosphorus concentration of extracts from a 30-minute extrac-
tion of subsoil with increasing soil to .002 N H 2S04 solution was very low 
and decreased very slowly, which indicated the presence of an insoluble 
basic ferric phosphate. The amounts of phosphorus extracted from Shelby 
subsoil and colloid during 24 hours in acid solutions were very low and 
did not substantially increase below pH 7.0. The solubility data of Shelby 
subsoil phosphorus are very similar to dufrenite phosphorus. These 
facts warrant the description of the phosphorus present in the C horizon 
of this soil as a dufrenite-like form. 
AZO LEAD DYES1 
CLARENCE GEORGE STUCKWISCH 
From the Department of Chemistry, Iowa State College 
As a preliminary to the preparation of the azo lead dyes described 
in this work, it was necessary to make some halogen-metal intercon-
version studies. 
n-Butyllithium was used in all of the interconversions. When n-
butyllithium was prepared at 0° rather than at room temperature, the 
time of preparation was reduced considerably, and the yield was in-
creased. 
When one equivalent of o~bromoaniline was allowed to react with 
three ea_uivalents of n-butyllithium for 45 minutes at room temperature, 
the yield of interconversion product was 40 per cent. m-Bromoaniline 
was almost unaffected under the same conditions. Likewise, p-iodoaniline 
and 4-iodoresorcinol did not undergo interconversion to any appreciable 
extent. 
Two equivalents of n-butyllithium and p-bromo-N-methylaniline 
gave, subsequent to carbonation, a 27 per cent yield of p-methylamino-
benzoic acid. When N- (p-iodophenyl)-phthalimide was allowed to re-
act with n-butyllithium at - 50° for 70 minutes and the mixture was car-
bonated, the yield of N- (p-carboxyphenyl)-phthalimide was 37 per cent. 
The best procedure for preparing an organolead compound from an 
organolithium compound and a triaryl- or trialkyllead halide was to 
add the organolithium compound to a suspension of the aryllead halide 
in ether and then to hydrolyze the mixture after approximately 5 min-
utes. The reaction between an organolead halide and an organolithium 
compound is almost instantaneous. A short reaction time greatly 
r educes the formation of by-products. Under these conditions p-amino-
phenyllithium and triphenyllead chloride yielded triphenyl-p-amino-
phenyllead (m.p. 172°); o-aminophenyllithium and triphenyllead chlor-
ide gave triphenyl-o-aminophenyllead (m.p. 164-5°); and p-methyl-
aminophenyllithium and triphenyllead chloride reacted to produce tri-
phenyl-p-methylaminophenyllead (m.p. 97-98°). ~Dimethylamino­
phenyllithium, prepared directly from o-bromo-N,N-dimethylaniline and 
lithium, and triphenyllead chloride, resulted in triphenyl-o-dimethyl-
aminophenyllead (m.p. 101°). 
o-Hydroxyphenyllithium, obtained by the interconversion of o-bro-
mophenol with n-butyllithium, reacted with triphenyllead chloride to 
give triphenyl-o-hydroxyphenyllead (m.p. 217-218° d.). p-Hydroxy-
phenyllithium and triphenyllead chloride failed to give the desired 
organolead compound. Warming a suspension of diazotized triphenyl-p-
aminophenyllead in water yielded a small amount of material melting at 
1 Original thesis submitted March 15, 1943. Doctoral thesis number 711. 
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230°. The lead content of this material was 1 per cent lower than that 
calculated for triphenyl-p-hydroxyphenyllead. 
p-Dimethylaminophenyllithium prepared from p-bromo-N,N-dime-
thylaniline and lithium, and triethyllead chloride yielded triethyl-p-
dimethylaminophenyllead. The later compound had the following 
physical. constants: b.p .jl mm., 130° ; n 0 25 , 1.5442; and D 1125 , 1.4982. 
Under varying conditions triethyllead chloride was allowed to react 
with the intercq,nversion products of n-butyllithium and o-bromophenol, 
p-bromoaniline, and p-bromo-N-methylaniline. Likewise, the intercon-
version products of n-butyllithium and o-bromophenol and o-bromoani-
line were tried with trimethyllead chloride. Attempts to isolate the de-
sired pure products from any of these reactions failed . The difficulty 
probably resides in the separation of the reaction products from the un-
reacted materials. At atmospheric pressure the alkyllead compounds 
are unstable at their boiling points. At reduced pressure the boiling 
points of the desired organolead compounds and the unreacted amine 
or phenol are too close together to permit separation. 
N- (p-lithiophenyl)-phthalimide and triethyllead chloride gave a 
light-yellow, glasslike material, the lead analysis of which corresponded 
to the calculated value for triethyl-p-(N-phthalimido)-phenyllead. Alka-
line hydrolysis of the latter compound yielded phthalic acid and a gummy 
residue which could not be purified. 
When tripheny 1-p-aminopheny Head, tripheny 1-o-aminopheny Head, 
triphenyl-o-dimethylaminopheny Head, tripheny 1-o-hydroxyphenyllead, 
and triethyl-p-dimethylaminophenyHead, respectively, were dissolved in 
chloroform and treated with dry hydrogen chloride, the substituted 
aryl group was cleaved predominantly. Triphenyllead chloride and the 
cleaved group were both recovered and identified in each reaction. 
When the reaction between triphenyllead chloride and the C-lithio-
anilines was allowed to continue for several hours, considerable amounts 
of tetraphenyllead were always formed. The same was true of the 
reaction between p-bromo-N-lithioaniline and triphenyHead chloride. 
The tetraphenyHead could possibly result from the disproportionation of 
an unstable compound containing a lead-nitrogen linkage. A long-time 
reaction between triphenyllead chloride and o-lithiolithium phenoxide 
resulted in considerable quantities of triphenyllead carbonate. This may 
be formed by the hydrolysis of triphenyl-o-lithiophenoxylead to tri-
phenyllead hydroxide. Triphenyllead hydroxide in contact with the 
carbon dioxide of the air would give triphenyHead carbonate. 
Two methods were used for the preparation of organolead com-
pounds containing an azo linkage joined to the lead atom through carbon 
atoms. First, aminoaryllead compounds were diazotized and coupled 
with various hydroxyl- and aminoaryl compounds. Second, primary 
amines were diazotized and coupled with organolead compounds amen-
able to diazo coupling. The first method is not desirable from a prepara-
tive point of view, while the latter method gave good yields. 
When triphenyl-p-aminophenyllead was dissolved in glacial acetic 
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acid, cooled to 15°, then diazotized by the addition of sodium nitrite, and 
the r esulting mixture was poured into an alkaline solution of ~-naphthol, 
triphenyl-1-(2-hydroxynaphthyl)-azophenyl-4-lead was formed. When 
2-naphthol-3,6-disulfonic acid or 1-naphthylamine-3,6,8-trisulfonic acid 
were substituted for ~-naphthol, the reaction failed. Diazotized triphenyl-
o-aminophenyllead and ~-naphthol gave triphenyl-1- (2-hydroxynaph-
thyl)-azophenyl-2-lead. 
When various diazonium salts were coupled with triphenyl-o-hy-
droxyphenyllead, the coupling was carried out in a medium composed of 
20 ml. of ethyl acetate, 20 ml. of ethyl alcohol, and 40 ml. of 10 per cent 
sodium hydroxide solution. 
,p-Nitrobenzenediazonium chloride and triphenyl-o-hydroxyphenyl-
lead gave triphenyl-1-[2-hydroxy-3,5-di (p-nitrophenylazo )-phenyl]-lead. 
TriP.~~nY.1.-o-hY.droxyphenyllead with p-chloro-, p-bromo-, p-iodo-, and p-
carboxybenzenediazonium chlorides, respectively, yielded triphenyl-l-
[2-hydroxy-5-(p-chlorophenylazo)-phenyl]-lead and the corresponding 
bromo, iodo, and carboxy compounds, respectively. p-Sulfonobenzene-
diazonium chloride did not couple with triphenyl-o-hydroxyphenyllead. 
The latter compound and benzidinetetrazonium chloride gave p,p'-bi-
phenylenedi-(5-azo-2-hydroxyphenyltriphenyllead) . 
The coupling of diazonium salts with triphenyl-o-dimethyl-
aminophenyllead was carried out in a reaction medium consisting of 75 
ml. of water, 75 ml. of ethanol, 50 ml. of ethyl acetate and 3 g. of sodium 
acetate. Triphenyl-o-dimethylaminophenyllead coupled with p-nitro, p-
chloro-, p-bromo, p-iodo-, and p-carboxybenzenediazonium chlorides, 
respectively, to give triphenyl-1-[2-dimethylamino-5- (p-nitrophenyl-
azo)-phenyl]-lead, and the c;orresponding chloro, bromo, iodo, and car-
boxy compounds. p-Sulfonobenzenediazonium chloride did not couple 
to any appreciable extent with o-dimethylaminophenyltriphenyllead. Tri-
phenyl-1-[ 4-methoxy-5- (p-nitrophenylazo) -phenyl]-lead and triphenyl-
l-[2-methoxy-5- (p-nitrophenylazo )-phenyl]-lead were obtained by 
coupling p-nitrobenzenediazonium chloride with triphenyl-p-anisyllead 
and triphenyl-o-anisyllead, respectively. 
When p-nitrobenzenediazonium chloride was allowed to react with 
triethyl-o-dimethylaminophenyllead, the resulting products were tri-
ethyllead chloride and p-nitro-p'-dimethylaminophenylazobenzene. 
In general, the dyes did not have characteristic melting points. The 
purity of the products was determined by quantitative analysis for ni-
trogen and lead. The dyes varied in color from dull red to dark brown. 
The structure of each dye was proved by reductive cleavage with 
stannous chloride and concentrated hydrochloric acid. In each case the 
compound involved directly in the position of coupling was isolated and 
identified by a mixed melting point with an authentic specimen. 
INTERMEDIARY CARBOHYDRATE METABOLISM OF 
ESCHERICHIA COLI1 
MERTON FRANKLIN UTrER 
From the Department of Bacteriology, Iowa State College 
The d.issimilation of glucose by bacteria occurs through a series 
of phosphorylated intermediates according to the Embden-Meyerhof-
Parnas scheme proposed for muscle and yeasts. Glucose is phosphory-
lated to hexosediphosphate by phosphate contributed from the adenylic 
acid carrier system. The six-carbon phosphorylated compound is split 
into two three-carbon phosphate compounds. One of these, phospho-
glyceraldehyde, is oxidized to 1,3-diphosphoglyceric acid which is further 
converted to 3-phosphoglyceric acid by removal of one of the phosphate 
groups via the adenylic acid system. The 3-phosphoglyceric acid is con-
verted to phosphopyruvate by means of an intramolecular shift of the 
phosphate group and a dehydration. The phosphopyruvate yields its 
phosphate group to adenylic acid, and the resulting pyruvate is further 
dissimilated to products determined by the cells or tissue employed. 
Pyruvate is reduced to lactate in muscle; it is decarboxylated to acetal-
dehyde which is reduced to ethyl alcohol in yeast; and pyruvate may be 
reduced, decarboxylated, oxidized to acetic acid and C02 , converted by 
condensation to acetylmethylcarbinol and C02 , or may undergo still other 
transformations in bacteria. 
Almost all of the above evidence was obtained by the use of cell-
free preparations of muscle and yeast. Because of technical difficulties 
the use of whole cells has not been entirely successful. Certain evidence 
was obtained by use of entire cell preparations of bacteria. This evidence 
pointed to the existence in bacteria of a system of phosphorylated inter-
mediates, but complete application of the Meyerhof scheme was pre-
cluded by lack of suitable cell-free preparations. However, recently two 
cell-free bacterial preparations became available. Booth and Green (1938) 
developed a stainless steel roller mill through which a thick bacterial 
paste circulates. After several hours, a cell-free enzyme system can be 
obtained by centrifugation. Wiggert et al (1940) obtained an active juice 
from bacteria by mixing a bacterial paste with very finely powdered 
glass and grinding with a mortar and pestle. Later, a mechanical grind-
ing procedure superseded the earlier method. 
An active preparation was obtained from Escherichia coli by means 
of the glass-grinding method. In this report several of the enzyme sys-
tems of bacteria involved in the Embden-Meyerhof-Parnas scheme were 
compared with the corresponding enzymes of muscle and yeast. 
The bacterial preparation shows considerable activity on glucose or 
a mixture of glucose and hexosed.iphosphate, when tested on the Barcroft-
' Original thesis submitted December 12, 1942. Doctoral thesis number 700. 
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Warburg respirometer in the presence of NaHC03 under an atmosphere 
of N 2 and C02 (10 per cent) . The activity is largely due to the pro-
duction of acid. Extremely active juices will attack hexosemonophos-
phate and pyruvate, but in general the activity is limited to the conver-
sion of hexosediphosphate to phosphopyruvate and the transfer of phos-
phate from the latter compound to glucose. The preparation has negli-
gible aerobic activity. Juices prepared from cells grown on a medium 
containing yeast extract are far more active than juices prepared from 
cells grown on a peptone medium. The juice contains considerable num-
bers of viable cells, but the activity of the juice has been shown to be 
independent of these cells. 
The enzymes involved in the aldolase-isomerase equilibria were first 
investigated. The reactions are: 
aldolase 
hexosediphosphate ~ dihydroxyacetone phosphate + 
phosphoglyceraldehyde 
isomerase 
dihydroxyacetone phosphate ~ phosphoglyceraldehyde 
A juice which had been dialyzed for 9 to 12 hours proved suitable for 
the study of these enzymes. Dialysis removes coenzyme I which catalyzes 
the oxidation reaction that follows the isomerase equilibrium. The con-
stant of the equilibria was studied with respect to changes in tempera-
ture and concentration of enzyme and substrate. Only changes of temp-
erature had any effect. The temperature range of the system is approxi-
mately 0 to 50° C. at pH 9, and the pH range is approximately 5.5 to 10.5. 
The foregoing characteristics of the bacterial aldolase-isomerase enzymes 
correspond very closely to those of the muscle and yeast enzymes 
(Meyerhof and Lohmann, 1934) . 
The aldolase-isomerase equilibria were shown to be truly reversible 
by the use of triose phosphate as well as hexosediphosphate as a substrate. 
The triose phosphate was isolated as the bisulfite addition compound. 
Iodine oxidation of the isolated compound showed that it contained 55-70 
per cent phosphoglyceraldehyde as compared with less than 5 per cent 
of that compound in the normal equilibria mixture. Isomerase is pre-
vented from acting when bisulfite is added to react with the triose phos-
phate. 
The study of the bacterial system was continued with the phospho-
glyceromutase-enolase enzymes: 
phospho-
glyceromutase enolase 
3-phosphoglycerate ~ 2-phosphoglycerate ~ phosphopyruvate 
It is possible to study these reactions in the undialyzed juice since phos-
phopyruva te is not further transformed in the absence of phosphate 
acceptors. The equilibria constants of the reactions were studied with 
respect to temperature, and concentration of enzyme and of substrate. 
Only changes in temperature affect the K eq as in the case of the aldolase-
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isomerase equilibria. The temperature range of the system is 0 to 60° C. 
and the pH range is approximately 6.0 to 10.5. 
The equilibria were shown to be truly reversible by the use of both 
phosphopyruvate and phosphoglycerate as substrates. 
The production of phosphopyruvate from phosphoglycerate is stimu-
lated by MgC12 or MnS04 in a dialyzed juice. The metal ions merely 
facilitate the establishment of the equilibria without changing the final 
position. K + and Na• fail to affect the reaction and Ca++ and Ni•+ are 
inhibitory. The optimal concentration of Mg++ or Mn++ is approximately 
0.005 M. The metals also stimulate the production of phosphopyruvate 
in Lebedev juice prepared from dried yeast. 
Enolase was shown to be the specific enzyme affected by the metal 
ions by use of phosphopyruvate as the substrate. The addition of Mg++ 
to the dialyzed enzyme hastened establishment of the equilibrium be-
tween 2-phosphoglycerate and phosphopyruvate but.inhibited the further 
conversion of 2-phosphoglycerate to 3-phosphoglycerate. 
Apparently, the inhibition of enolase by NaF is caused by the tying-
up of the metal component of the enzyme in a metal-fluoride complex. 
Mn++ stimulation of the metal-depleted enzyme is much less susceptible 
to NaF than is Mg++ stimulation. 
Phosphopyruvate is not further dissimilated in the juice in the 
absence of phosphate acceptors. When adenylic acid was added, however, 
phosphate disappeared from the phosphopyruvate fraction and reappear-
ed in the adenosine triphosphate fraction. The phosphopyruvate was of 
two types: biologically formed from phosphoglycerate and synthetic. 
Mg++ or Mn++ stimulated the transfer in dialyzed juice. As with enolase 
Mg++ stimulation was reversed by NaF while Mn++ stimulation was very 
slightly affected. Phosphate was transferred to glucose from phosphopy-· 
ruvate when the former was added. Hexosemonophosphate was un-
successfully substituted as a phosphate acceptor. 
Juices prepared with less centrifugation contained the enzyme 
necessary for the conversion of adenosine triphosphate to adenylic acid 
and inorganic phosphate (adenosine polyphosphatase) . When dialyzed 
this enzyme was greatly stimulated by the addition of Mg++ or Mn++. NaF 
proved inhibitory in all cases. 
All the evidence obtained points to the similarity of the bacterial, 
yeast, and muscle enzymes. It appears that glucose is dissimilated in the 
cell-free system obtained from E. coli in accordance with the Embden-
Meyerhof-Parnas scheme. Application of the system to the entire cell 
will require further investigation. 
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DERIVATIVES OF 2- AND 2,8-SUBSTITUTED DIBENZOFURANS1 
HILARY BRYAN WILLIS 
From the Department of Chemistry, Iowa State CoUege 
Orientation studies which have been carried out on dibenzofuran 
compounds have shown that 2- and 2,8-substituted dibenzofurans can 
readily be prepared by direct substitution reactions such as halogenation, 
sulfonation, and the Friedel-Crafts reaction, as well as by ring closures. 
The preparation of 3,7-substituted dibenzofurans can also be accomplished 
by direct substitution reactions on dibenzofuran. However, at the present 
time, metalation by reactive organometallic compounds 'such as benzyl-
sodium or n-butyllithium offers the only convenient, direct method of 
obtaining 4- and 4,6-substituted dibenzofurans. Metalation has been 
developed into a very satisfactory way to obtain these compounds. The 
1- and 9-positions cannot be attacked by direct nuclear substitution on 
dibenzofuran itself. The use of 4- and 4,6-substituted dibenzofurans as 
intermediates in the preparation of 1- and 1,9-substituted dibenzofurans 
is costly and tedious. 
The objectives of this investigation were to prepare 2- and 2,8-sub-
stituted dibenzofurans which would make more available 1- and 1,9-sub-
stituted dibenzofurans; to clarify the structures of the dibromination 
products of 2,8-dimethoxydibenzofuran; and to prepare certain deriva-
tives of aminodibenzofurans which might possess pharmacological 
activity. 
The preparation of 2- and 2,8-substituted dibenzofurans, by substi-
tution reactions as well as by ring closures, has been discussed. An at-
tempt has been made to tabulate all of the derivatives of the 2- and 2,8-
substituted dibenzofurans which have been reported in the literature 
prior to January, 1943. The 2-and 2,8-substituted dibenzofurans included 
in the thesis have also been placed in this table. Derivatives of fused ring 
systems containing a dibenzofuran nucleus, such as the brazans, dinaph- . 
thalene oxides, and the morphine alkaloids have been omitted. In all 
cases Chemical Abstracts has been the criterion in deciding which com-
pounds should be included. The principal references to each compound 
have been listed. An effort has been made to give a reference to the best 
preparation of each compound as well as to the report which shows the 
method used for structural proof. 
Several metalation and interconversion reactions were carried out 
with dibenzofuran and its derivatives. The yield of 4-dibenzofurancar-
boxylic acid, obtained after carbonation of the organolithium compound, 
was 2.8 per cent using the relatively unreactive methyllithium for meta-
lation. Metalation of dibenzofuran with phenyllithium gave, after car-
'Original thesis submitted March 15, 1943. Doctoral thesis number 712. 
[98] 
DIBENZOFURANS 99 
bonation, 57 per cent of 4-dibenzofurancarboxylic acid, and n-butyllith-
ium gave 76 per cent of the acid under similar conditions. 
2-Bromodibenzofuran was metalated to the extent o~ 39.6 per cent 
by methyllithium, and 21 per cent by phenyllithium. Interconversion, 
rather than metalation, occurred when 1,9-(?)-dibromo-2,8-dimethoxy-
dibenzofuran was treated with methyllithium. The yield of 2,8-dime-
thoxy-l,9 (?)-dibenzofurandicarboxylic acid was 54 per cent. 4-Iodo-
dibenzofuran gave a 23.6 per cent yield of 4-dibenzofurancarboxylic acid 
by interconversion with methyllithium, and 37 per cent with n-butylmag-
nesium bromide. 1-Bromo-2-hydroxydibenzofuran and n-butyllithium 
gave, after carbonation, 74 per cent of 2-hydroxy-l-dibenzofurancar-
boxylic acid. 
Lithium did not react with either 2-bromodibenzofuran or 2-iododi-
benzofuran. Yet, from 4-iododibenzofuran and lithium was obtained, 
after carbonation, 58 per cent of 4-dibenzofurancarboxylic acid. 
The coupling of the Grignard reagents from 2- and 3-bromodibenzo-
furans proceeded smoothly to yield bi- (2-dibenzofuryl), m.p. 201-202° 
(25 per cent yield) and bi-(3-dibenzofuryl), m.p. 245-246° (41.8 per cent 
yield). 
2-Aminodibenzofuran was prepared from 2-dibenzofurylmagnesium 
bromide and a-methylhydroxylamine in 33 per cent yield. In a similar 
manner 4-aminodibenzofuran was prepared from 4-dibenzofuryllithium 
and a-methylhydroxylamine in 78 per cent yield. 
2-Benzoyldibenzofuran was prepared in three ways. The reaction 
of 2-dibenzofuryllithium with benzonitrile gave a 36.4 per cent yield. 
The F'riedel-Crafts reaction with benzoyl chloride and dibenzofuran gave 
a 30 per cent yield. A small amount was obtained from the metalation 
of 2-dibenzofurancarboxylic acid diethylamide. The purified 2-benzoyl-
dibenzofuran melted at 135-136°, whereas Borsche and Bothe2 reported 
167-168°. The 2-benzoyldibenzofuran oxime melted at 182-183° instead 
of 234-235°. 2 
2,8-Diacetoxydibenzofuran, as well as 2-nitro-3-acetaminodibenzo-
iuran, did not react with bromine in glacial acetic acid. 
2-Dibenzofurancarboxylic acid diethylamide, m.p. 77-78°, was pre-
pared in 60 per cent yield from 2-dibenzofurancarboxylic acid chloride 
and diethylamine. 4-Dibenzofurancarboxylic acid dimethylamide, m.p. 
116.5, was prepared in 73 per cent yield from 4-dibenzofurancarboxylic 
acid chloride and dimethylamine. 
Metalation of 2-dibenzofurancarboxylic acid diethylamide with n-
butyllithium gave, after carbonation, 38.5 per cent of 2-benzoyl-x-diben-
zofurancarboxylic acid, m.p. 265-266°; methyl ester, m.p. 189-190°. 
Nitration of 2,8-diacetaminodibenzofuran yielded 2,8-diacetamino-3-
nitrodibenzofuran, m.p. 322-324°, in 8.9 per cent yield. Hydrolysis with 
hydrochloric acid gave 76 per cent of 2,8-diamino-3-nitrodibenzofuran, 
m.p. 210-213°. Deamination gave 3-nitrodibenzofuran (mixed melting 
point). 
2 Borsche and Bothe, Ber., 41, 1940 (1908). 
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Following the procedure of Kirkpatrick and Parker,3 2- (~-hydroxy­
ethyl) -dibenzofuran was prepared from 2-dibenzofurylmagnesium bro-
mide and ethylene oxide. In addition 1.5 per cent of bi-(2-dibenzofuryl) 
was obtained. 
By means of dry hydrogen bromide the 2- (~-hydroxyethyl)-dibenzo­
furan was converted into 2 ( ~-bromoethyl)-dibenzofuran.3 From this 
compound, by means of the Gabriel synthesis, was obtained 2-(~-amino­
ethyl)-dibenzofuran.3 The reaction of this compound with benzoyl 
chloride and sodium hydroxide yielded 78 per cent of N-benzoyl 2-(~­
aminoethyl)-dibenzofuran, m.p. 183.5-183.9° . Several attempts to ring-
close this compound were unsuccessful. 
Following the procedure of Erdtman,4 toluhydroquinol dimethyl 
ether was iodinated to give 5-iodotoluhydroquinol dimethyl ether. This 
compound was coupled with copper powder to yield 2,2' ,5,5' -tetramethoxy-
4,4' -dimethylbiphenyl.4 The next step was a ring closure using hydrobro-
mic acid in glacial acetic acid. The 2,8-dihydroxy-3,7-dimethyldibenzo-
furan was found to be identical with the tentatively designated 2,8-dihy-
droxy-3, 7-dimethyldibenzofuran prepared by Swislowsky. 
Several derivatives of aminodibenzofurans were prepared. By con-
densation of 3-aminodibenzofuran and p-acetaminobenzenesulfonyl 
chloride was obtained 39 per cent of 3-N2-acetylsulfanilamidodibenzo-
furan, m.p. 223-224°. On hydrolysis with hydrochloric acid there was 
obtained 65 per cent of 3-sulfanilamidodibenzofuran, m.p. 245°. This 
compound was too insoluble to be tested pharmacologically. From 4-
aminodibenzofuran and p-acetaminobenzenesulfonyl chloride was ob-
tained 26.5 per cent of 4-N2-acetylsulfanilamidodibenzofuran, m.p. 218°. 
On hydrolysis with hydrochloric acid was obtained 7'3 per cent of 4-sul-
fanilamidodibenzofuran, m.p. 195°; which was also too insoluble to be 
tested. 
Condensation of 4-aminodibenzofuran and diethyl bromoethylmal-
onate yielded 76.6 per cent of diethyl 4-aminodibenzofuran-N-ethylmal-
onate, m .p. 75-76°. A similar reaction with 3-aminodibenzofuran and 
diethyl bromoethylmalonate yielded 51 per cent of diethyl 3-aminodi-
benzofuran-N-ethylmalonate, m.p. 99-100°. 2-Nitro-3-aminodibenzofuran 
and diethyl bromoethylmalonate did not react. 
An attempt was made to reduce 2,8-diamino-3-nitrodibenzofuran to 
2,3,8-triaminodibenzofuran by catalytic hydrogenation, but the triamine 
was too unstable to be isolated in a pure state. The reaction of benzene-
diazonium chloride with 2,8-dihydroxydibenzofuran gave 1,9- (?)-bis-
phenylazo-2,8-dihydroxydibenzofuran, m.p. 155-156°, as brick red 
needles. All attempts to methylate this compound failed. 
Several attempts to carry out a Fries rearrangement on 2,8-diace-
toxydibenzofuran were failures . Only 2,8-dihydroxydibenzofuran was 
isolated. 
' Kirkpatrick and Parker, Jour. Am. Chem. Soc ., 57, 1123 (1935) . 
' Erdtman, P roc. Roy . Soc. L ondon, Al43, 223 (1933) . 
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Treatment of 2-hydroxy-l-dibenzofurancarboxylic acid with acetic 
anhydride and sulfuric acid yielded 74.5 per cent of 2-acetoxy-1-dibenzo-
furancarboxylic acid, m.p. 151-152°. 
2,6-Dimethylphenol was methylated, then the 2,6-dimethylanisole 
thus obtained was metalated with n-butyllithium. There was obtained 
6.7 per cent of 2-methoxy-3-methylphenylacetic acid. 
Interconversion of 3-iododiphenyl ether with n-butyllithium gave a 
50 per cent yield of m-phenoxybenzoic acid. 

THE COCCIDIA OF WILD RABBITS OF row A 
I. TAXONOMY AND HOST-SPECIFICITY' 
Jost C. M. CARvAUI02 
From the Entomology and Economic Zoology Section, Iowa Agricultural Experiment 
Station, and the Fish and Wildlife Service, United States Department of the, Interior. 
Received December 9, 1942 
INTRODUCTION AND HISTORY 
This work was undertaken mainly with the object of clearing up 
problems of species and host-specificity of the various kinds of coccidia 
occurring naturally in Iowa wild rabbits. The lack of experimental data, 
the brevity, and the inaccuracy characterizing past reports on Eimeria 
occurring in this host-group render specific determinations both difficult 
and precarious. 
The same is not so true regarding the Eimeria species of the tame 
rabbit, which were studied with great accuracy by Perard (1924-25) and 
Kessel and Jankiewicz (1931). The general tendency in the past has 
been to accept the species found in wild rabbits as the same as those 
known to occur in tame rabbits. Accurate tests, principally through at-
tempted cross-infections in young rabbits previously free from coccidia, 
now show that such an assumption has in many instances led to false 
conclusions. 
In the author's opinion, isolated lines of doubtful species should be 
carefully studied with the aid of cross-infection experiments, since this 
procedure constitutes a valuable aid in establishing the identity of the 
coccidia in wild rabbits, their host-specificity, and possible biometrical 
or morphological changes due to host-environment. The use of young 
rabbits free from coccidia is a method which should be used henceforth 
in similar experiments. Old rabbits may show age resistance or even 
total immunity to certain species. 
Only two reports of successful cross-infection between tame and 
wild rabbits have been reported. Becker (1933) was able to infect and 
produce clinical coccidiosis in an Iowa cottontail with Eimeria magna 
' Journal paper No. J-1074 of the Iowa Agricultural Experiment Station, Ames, 
Iowa, Project 570. The Fish and Wildlife Service (U. S. Dept. of the Interior), Iowa 
State College, Iowa State Conservation Commission, and American Wildlife Institute 
coouerating. Taken from a thesis submitted to the i:(raduate faculty of Iowa State 
College in partial fulfillment of the requirements for the degree, Doctor of Philosophy. 
Doctoral thesis No. 689. Part I. 
These studies were undertaken under suggestion and orientation of Dr. E . R. 
Becker, to whom the author wishes to express his best thanks for valuable criticism 
and continuous guidance throughout the work. This work was made possible only with 
his friendly help and assistance. 
Grateful acknowledgments are also extended to Dr. C. J . Drake, Head of the 
Department, for innumerable courtesies; to Dr. G. 0 . Hendrickson for constant interest 
in the work and assistance in obtaining wild rabbits· to Dr. Reeve M. Bailey and other 
professors and fellow students who contributed to the realization of the present work. 
' Professor of Zoology, Escola Sup. Agric. Minas Gerais, Vigosa, Brazil. 
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from the tame rabbit. More recently Jankiewicz (19'41) obtained in-
fection with E. stiedae from the tame rabbit in the cottontail Sylvilagus 
audubonii valicola. The author was able not only to confirm Becker's 
work, but in addition, to grow all the tame rabbit species, except E. stiedae 
(not tried) , in the Iowa cottontail. Thus, the finding of tame rabbit 
species in the latter host is, admittedly, a possibility. Nevertheless, for 
some reason, natural infections of cottontails by these species must be 
extremely rare, possibly partly on account of lack of contact between 
the two species. 
On the other hand, with the exception of Eimeria neoleporis and E. 
media, none of the species occurring in Iowa cottontails could be grown 
in the tame rabbit, and none of those of the Iowa jack rabbit completed 
their development in either tame rabbit or cottontail. 
As a result of the present experiments, the phenomenon of physiologi-
cal species of coccidia has emerged. Eimeria irresidua and Eimeria magna 
from tame rabbits and jack rabbits present the same morphology in 
both hosts, but experimental infections have resulted negatively in all 
trials. Since no notable morphological differences are apparent, it seems 
preferable to designate the strains occurring in jack rabbits as merely 
forms or varieties rather than as distinct species. The three new species 
erected by the author (1942 and present paper), are based on clear 
morphological differences as well as host-preference. 
For specific differentiation the same criteria as those used by Kessel 
and Jankiewicz (1931) were employed with very satisfactory results. 
Biometrical data are useful in separating such closely related species as 
E. stiedae and E. irresidua or E. magna and E. media. This procedure 
is especially recommended for those not well acquainted with morphologi-
cal details used in specific differentiation; i.e., size of micropyle, residual 
bodies, and so forth. 
The author hopes that the results herein reported will prove useful 
for further studies in leporine coccidia. Similar studies will eventually 
have to be made of the Eimerias of rabbits not available in Iowa. For 
this purpose all species of Eimeria known so far from Leporidae are being 
included in this paper and the literature cited. 
The first Eimeria described from wild rabbits was E. leporis Nie-
schulz, 1923. Nieschulz found it in association with E. stiedae from hares 
(Lepus europeus) in Holland. For the first time a cross-infection was 
attempted but with negative results. After that time several European 
authors were able to confirm Nieschulz's work and many cases were 
reported on the presence of E. leporis either in Lepus europeus or Lepus 
timid us. 
Fonseca (1932) described E. pintoensis from the Brazilian Hare 
( Sylvilagus brasiliensis minensis) , and in the following year described 
E. paulistana from the same host, attempting cross-infection with this 
species and E. pintoensis in the tame rabbit, both unsuccessfully. 
Yakimoff, Matchuosky, and Spartansky (1936) described E. septen-
trionalis from Lepus timidus in Russia . Madsen (1938) described E. 
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sculpta from the Greenland hare and also reported other types. Honess 
(1939) erected two new species, E. environ and E. maior, for oocysts found 
in the Wyoming cottontail, Sylvilagus nuttallii grangeri and Carini (1940) 
described E. sylvilagi from the Brazilian hare, referring also to the 
presence of E. perforans in the same host. Carvalho (1942) described E. 
neoleporis from the Iowa cottontail, and effected its growth in the tame 
rabbit by cross-infection. This was the first proof of a species from wild 
rabbits growing in tame rabbits. 
Other authors who have dealt with the Eimeria of wild rabbits since 
Nieschulz are as follows: Schikarski (1925) , Yakimoff, Polueketoff, and 
Rastegaieff (1931) , Henry (1932) , Boughton (1932), Robertson (1933), 
Matsubayashi (1934) , Becker (1934), Feurstein (1935) , Schoeners 
(1936) , Morgan and Waller (1940) . 
It is believed that a somewhat confused situation exists in relation 
to some of the past reports regarding the coccidia of wild rabbits. Cross-
infection experiments and the use of young rabbits free from coccidia 
probably will prove very useful in the future when dealing with doubtful 
cases. 
MATERIAL AND METIIODS 
These studies were accomplished with the use of coccidia-free rabbits 
for the hosts. In order to obtain such young rabbits, special precautions 
were taken. Does were maintained in special cages with grilled bottoms, 
over pans, so that pellets would pass through the grills and collect in 
the pans. Systematic cleaning was performed daily by removing the 
pans, washing them with boiling water, and drying for 48 hours in a room 
at about 36°C. Cans for providing food and glassware for water were 
treated in the same way. All food given was left 48 hours in the warm 
room. It consisted of alfalfa hay, concentrated mixtures, and oats. ' No 
green food was provided. Water was constantly available in small Erlen-
meyers with a p erforated rubber cork, through which a glass tube was 
inserted. 
The young rabbits were separated from the does when from 10 to 15 
days old and maintained in screened wire cages, with grilled bottoms 
and pellet pans. Precautions taken were the same as for adults. They 
were kept under daily examination for a period of 10 days, so that any 
spontaneous infection would have time to show up. 
A systematic attempt was made to combat cockroaches, flies, mice, 
and other potential sources of oocyst transmission. 
All species of Eimeria used in this work were collected at or in the 
vicinity of Ames. Cottontails and jack rabbits were shot and the intestinal 
contents examined. Pellets were also collected in the field, principaily 
during the winter season, when they are easily found. In every case that 
pellets were taken beyond the home range of a given rabbit, they were 
considered as belonging to a different individual. To permit sporulation 
the pellets were macerated in the laboratory and placed in a Petri dish 
with 3 per cent solution of potassium dichromate, about 2 millimeters 
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deep, at room temperature. During the winter they were maintained at 
30°C. in a warm room. Cultures were kept in the same solution, in a 
refrigerator. Measurements and morphological studies were made on 
both sporulated and unsporulated oocysts. 
Infections were given according to Becker's technique, which con-
sists of injections of oocysts into the stomach through a rubber catheter. 
In order to determine the dosages administered, counts were made in 
a hemocytometer. 
Routine examinations were done by both usual fresh water and 
salt flotation methods. Oocyst washing before sporulation was accom-
plished by centrifuging three or four times in fresh water. 
Cross-infection experiments were performed by passing the cotton-
tail species of Eimeria into the tame rabbit, those of the jack rabbit into 
the tame rabbit and the cottontail, and those of the tame rabbit into the 
cottontail. No young jack rabbits were available for experimentation. 
Results obtained in raising young rabbits free from coccidia demon-
strated that the best method of controlling unwanted outbreaks of in-
fection in the laboratory is to eliminate oocysts by heat-induced desicca-
tion. It seems clear that no other prophylactic process yields such good 
results . If pans and other accessories are changed every 48 hours and 
placed in a warm room at about 36°C., there is no possibility of normal 
oocyst sporulation. A few oocysts abnormally sporulated are unable to 
cause further infection. Through this process spontaneous infections 
brought to the laboratory are easily eliminated and reinfections are 
very rare. 
THE COCCIDIA OF THE TAME RABBIT, 
ORYCTOLAGUS CUNICULUS (LINNAEUS) 
1. EIMERIA STIEDAE (LINDEMANN, 1865) LUCET, 1913 
Psorospermium oviforme Remack, 1854 
Monocystis stiedae Lindemann, 1865 
Coccidium cun;culi Rivolta, 1878 
Coccidium oviforme Leuckart, 1879 
(Pl. I , Fig. 2) 
Shape : ovoidal or ellipsoidal, slightly narrower at the micropyle end. 
Color: salmon tint to yellowish or reddish orange. 
Micropyle : present, distinct, convex, very thin, leaving the oval appear-
ance of the oocyst unbroken. 
Oocyst wall: thin, with the same thickness throughout, except in the 
proximity of micropyle where it is thinner. About 0.75 µin thickness. 
Extra-residual body: Absent. 
Intra-residual body: present, oval or spherical, about 8.0 by 6.0 µ in 
dimension. 
Sporulation time: 60 to 75 hours; average 65 hours. 
Length: range, 28 to 42 µ;mean , 37.0 µ;mode, 37.5 µ. 
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Breadth: range, 16 to 25 µ;mean, 20.5 µ;mode, 20.5 µ. 
Shape index: 1.8. 
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Sporocyst: ovoid, with a bluntly pointed anterior end. Average ~imen-
sions 8.5 to 10.0 µ by 17.0 to 18.0 µ. 
Prepatent period: 6 to 9 days; average 7 days. 
Patent period: range 21 to 30 days; average 24 days. 
Localization: epithelial cells of the bile ducts. 
Specific diagnosis: (1) localization in the epithelial cells of the bile 
ducts, 
(2) presence of intra-residual body and absence of 
extra-residual body, 
(3) sporocyst with bluntly pointed anterior end. 
The following hosts harboring E. stiedae in nature have been record-
ed in the literature: Onyetolagus cuniculus, Lepus timidus, L. europeus, 
L. californicus, and L. americanus. The single cross-infection experiment 
reported is the one by Jankiewicz (1941), who obtained its growth in 
Sylvilagu.s audubonii valicola in California. So far no reference has 
been made to its natural occurrence in species of Sylvilagus. It was found 
in Iowa tame rabbits, but never in cottontails. No cross-infection experi-
ments were carried on with this species. The possibility of its growth in 
Mearns cottontails is not discounted since they are able to harbor all 
other species occurring in tame rabbits when experimentally infected. 
The occurrence of E. stiedae in wild rabbits in nature is doubted. 
References based only upon sporulated oocysts may lead to confusion, 
and such an assertion should be made only after examination of the 
contents of the gall bladder. 
Geographical distribution: cosmopolitan. 
2. EIMERIA PERFORANS (LEUCKART, 1879) LUCET, 1913 
Coccidium cuniculi Rivolta, 1878 
Coccidium perforans Leuckart, 1879 
(Pl. I, Fig. 5) 
Shape: ellipsoidal to slightly oval. Oocyst equally rounded on both rnds. 
Color: colorless to slightly pinkish. 
Micr<Ypyle: absent. 
Oocyst wall: thicker than in E. stiedae, sometimes irregular in outline. 
Extra-residual body: present, distinct, small, oval or spherical, measuring 
about 3.0 µ. 
Intra-residual body: present, small, elongated to roundish. 
Sporulation time: 30 to 55 hours; average 45 hours. 
Length: range, 15.0 to 30.0 µ; mean 21.5 µ; mode 23.0 µ. 
Breadth: range, 11.0 to 20.0 µ; mean 15.5 µ; mode 14.2 ~t. 
Shape index: 1.4. 
Sporocyst: ovoid, with bluntly pointed anterior end. Average dimen-
sions 9.0 to 5.5 µ by 3.5 to 5.0 µ; mean 8.0 µ by 4.0 µ. 
Sporozoite: as usual, with small refractive granules and central nucleus. 
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Prepatent period: 4 to 5 days. 
Patent period: 12 to 24 days. , 
Intestinal localization: small intestine. 
Specific diagnosis: (1) absence of micropyle, 
(2) presence of extra- and intra-residual bodies, 
(3) small size. 
Besides its usual host, 0. cuniculus, this species has also been report-
ed from L. americanus, L. californic1fS, L. articus, S. floridanus mearnsii 
and S . brasiliensis. The author never found this species occurring natur-
ally in cottontails, as reported by Morgan and Waller (1940) , who pos-
sibly mistook it for E. environ. Its natural occurrence in cottontails is 
possible, but even then probably in only a very small percentage of them. 
In a total of nine tame rabbits experimentally infected, the prepatent 
period was from 4 to 5 days and the patent period from 12 to 24 days. 
Geographical distribution: cosmopolitan. 
3. EIMERIA MAGNA PERARD, 1925 
(Pl. I , Fig. 1) 
Shape : ovoid, broad. 
Color: orange-yellow or brownish. 
Micropyle : present, very broad and dist:nct. Usually the margins of the 
micropyle show peculiar irregularities. 
Oocyst wall: with same thickness throughout, except near the micropyle 
end, where there is a sudden increase in thickness and even forma-
tion of hills around the micropyle. 
Extra-residual body: present, large, about the same size as the sporocyst, 
measuring about 9.5 µin diameter. 
Intra-residual body: present, from 1 to 3 µ,sometimes only granular and 
scattered, but usually oval. 
Sporulation time: 48 to 55 hours; average 50 hours. 
Length: range, 28 to 42 µ; mean 35.0 µ;mode 36.0 µ. 
Breadth: range, 20 to 26.0 µ; mean 24.0 µ; mode 24.7 µ. 
Sha,pe index: 1.4. 
Sporocyst : ovoid, without pointed anterior extremity; measuring on the 
average 11.0 to 16.0 µ by 6.0 to 8.5 µ. 
Sporozoite: as usual with large refractive granules and central nucleus. 
Prepatent period: 6 to 7 days; average 7 days. 
Patent period: 12 to 21 days; average 16 days. 
Intestinal localization: lower small intestine, cecum and large intestine. 
Specific diagnosis: (1) presence of a wide micropyle, 
(2) presence of intra- and extra-residual bodies, 
(3) sporocyst with roundish anterior end. 
Since Perard's work (1925) , E. magna has been reported from the 
following hosts: 0. cuniculus, L . europeus, L. californicus, L. timidus and 
S. floridanus mearnsii. During these experiments, however, it was never 
found in the last host. 
The prepatent and patent periods taken from fifteen tame rabbits 
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were found to be, respectively, 6 to 7 and 12 to 21 days; on the average, 
7 and 16 days. 
The species mentioned by Madsen (1938) as E. magna var. robert-
soni is considered by the author to be good, and is described in more de-
tail in the present paper. 
Geographical distribution: cosmopolitan. 
Shape: ovoid. 
4. EIMERIA MEDIA KESSEL, 1929 
(Pl. I, Fig. 4) 
Color: pinkish to dark orange pink. 
Micropyle: present, distinct, convex, more prominent and extending 
farther back than in E. stiedae. 
Oocyst wall: with the same thickness throughout, becoming thinner 
near the micropyle. 
Extra-residual body: present, distinct, small, measuring about 5.2 µ. 
Intra-residual body: present, small, oval, sometimes scattered and 
granular. 
Sporulation time: 42 to 58 hours; average 52 hours. 
Length: range, 27.0 to 36.0 µ; mean, 31.0 µ; mode, 31.5 µ. 
Breadth: range, 15.0 to 22.0 µ; mean, 18.5 µ; mode, 19.0 µ. 
Shape index: 1.6. 
Sporocyst: very similar to E. stiedae, with bluntly pointed anterior end; 
measuring in average 7.0 by 17.5 µ. 
· Sporozoite: showing medium-sized refractive granules and central 
nucleus. 
Prepatent period: 6 to 7 days. 
Patent period: 15 to 18 days. 
Intestinal localization: small intestine. 
Specific diagnosis: similar in morphology to E. magna, but differs by 
(1) smaller size, 
(2) small extra- and intra-residual body, as well as 
micropyle, 
(3) oocyst wall thinner near micropyle. 
Described by Kessel (1929) from tame rabbits, this species has also 
been reported from L. californicus and a variety of it from S . nu.ttallii 
grangeri. Only once was it found infecting the cottontail ( S. floridanus 
mearnsii) in nature. 
The prepatent and patent periods in twelve tame rabbits were, 
respectively, 6 to 7 and 15 to 18 days. E. media may be mistaken for E. 
sylvilagi from cottontails, due to the similarity in size and morphology of 
the two species. The extra-residual body, however, constitutes a good 
means of differentiation. Oocysts showing lappets on the sides of the 
micropyle were seen, suggesting E. magna, but in this case, size of oocysts, 
extra-residual bodies, and sporocysts are useful in differentiating them. 
Geographical distribution: reported up to date only from the United 
States, but probably cosmopolitan. 
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5. EIMERIA IRRESIDUA KESSEL AND JANKIEWICZ, 1931 
(Pl. I, Fig. 3) 
Shape: ovoid, more blunt at the micropyle end. 
Color: light yellow to dark yellow. 
Micropyle: present, distinct, concave, sharply delineated. 
Oocyst wall: becoming noticeably thicker toward the micropyle end, 
tapering toward the opposite end, but without the peculiar hills as 
in E. magna. 
Extra-residual body: absent. 
Intra-residual body: present, distinct, granular, usually very large and 
elongate. 
Sporulation time: 50 to 70 hours; average, 65 hours. 
Length: range, 31.0 to 43.0 µ; mean, 38.3 µ; mode, 39.4 µ. 
Bread'in! range, 22.0 to 27.0 µ; mean, 25.6 µ; media, 26.5 µ. 
Shape index: 1.5. 
Sporocyst: large, with a typical sharply pointed anterior end. Average 
dimensions 10.0 by 20.0 µ. 
Sporozoite: with very large refractive granules and central nucleus. 
Pre.patent period: 9 days. 
Patent period: 17 to 21 days. 
Intestinal localization: duodenum and jejunum. 
Specific diagnosis: (1) lack of extra-residual body, 
(2) presence of sharply pointed sporocyst, 
(3) shape a characteristic of oocyst wall. 
Recently described by Kessel and Jankiewicz (1931), from the tame 
rabbit, it has also been reported from L . californicus and S. floridanus 
mearnsii. The author was unable to find it occurring naturally in the 
latter host. Oocysts of a similar species were found in the Iowa jack 
rabbit (L. campestris townsendii) and are being describ2d in the present 
paper. 
Geographical distribution: reported up to date only from the United 
States, but probably cosmopolitan. 
6. EIMERIA EXIGUA YAKIMOFF, 1934* 
(Pl. I , Fig. 6) 
Shape: round or ovoid. 
Color: colorless. 
Micropyle: absent. 
Oocyst wall: with uniform thickness. 
Extra- and intra-residual bodies: absent. 
Sporulation time: unknown. 
Length: range, 12.0 to 24.0 µ; mean, 15.7 µ; mode, 16.0 ~t. 
Breadth: range, 9.0 to 16.0 µ; mean, 13.0 µ ; mode, 12.0 µ. 
Mean shape index: 1.25. 
Sporocyst: small, about 8.0 to 10.0 µ by 4.0 to 6.0 µ. 
* Data taken from orginal description. 
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Sporozoite: with central nucleus and no refractive granules (according 
to Yakimoff's figure). 
Prepatent and patent periods: unknown. 
Intestinal localization: unknown. 
Specific diagnosis: (1) absence of micropyle, 
(2) absence of both residual bodies, 
(3) small size. 
This species described from Russian rabbits was not found to occur 
in Iowa. Indications are that past reports of this species in wild rabbits, 
Sylvilagus species, are more properly referred to E. minima (present 
paper). 
Geographical distribution: Europe (Russia). 
THE COCCIDIA OF THE MEARNS COTTONTAIL, 
SYLVILAGUS FLORIDANUS MEARNSII (ALLEN) 
1. EIMERIA ENVIRON HONESS, 1939 
(Pl. I, Fig. 11) 
Shape: ovoid to broadly ellipsoidal. 
Color: most oocysts colorless, but a few straw-tinged to pinkish. 
Micropyle: present, distinct in majority of cases, with a protusible cap, 
about 5 to 6 µ wide. 
Oocyst wall: with uniform thickness, smooth. 
Extra-residual body: absent. 
Intra-residual body: absent. 
Sporulation time: 48 to 75 hours; average 60 hours. 
Length: range, 20.0 to 32.5 µ; mean; 25.7 µ; mode 25.7 µ. 
Breadth: range, 14.3 to 22.8 µ;mean, 18.5 µ; mode, 17.5 µ. 
Mean shape index: 1.38. 
Sporocyst: ovoid, proportionately large, filling most of the space within 
the oocyst; Stieda's body not seen; 13.0 to 18.5 µ by 7.0 to 9.5 µ. 
Sporozoite: comma-shaped, with central nucleus and very large refrac-
tive granules (about 6 µin size). 
Prepatent period: 6 days. 
Patent period: 15 to 18 days. 
Intestinal localization: small intestine. 
Specifiic diagnosis: (1) specific for Sylvilagus, 
(2) lack of intra- and extra-residual bodies, 
(3) presence of a micropyle with a protruding cap. 
This species, described by Honess (1939) from Sylvilagus nutta,llii 
grangeri (Allen) in Wyoming, is here reported for the first time from the 
Mearn's cottontail and from Iowa. It was found naturally in 64 per cent 
of the rabbits examined, and is the commonest species in Iowa cotton-
tails. It is believed that Morgan and Waller (1940) misidentified this 
species as E. perforans since they mention the latter as present in the 
majority of cottontails examined. These species are of approximately 
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the same size, but oocysts show good differences. The micropyle is 
evident in E. environ, but not in E. perforans. 
The seasonal distribution is very regular, even during the winter 
when infections are generally light. Five young cottontails infected with 
this species in the laboratory showed loss of weight and appetite, but no 
diarrhea. Doses up to 80,000 oocysts were not lethal. 
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2. EIMERIA MAIOR HONESS, 1939 
(Pl. I, Fig. 7) 
Shape: ovoid, slightly tapering toward the micropyle end. 
CoLor: yellowish brown to dark brown. 
MicropyLe: small, sunken into the oocyst as an identification of the wall; 
about 8.5 µ. 
Oocyst waH: possessing striae which give to it a pectinated appearance. 
Uneven in thickness, much thinner opposite the micropyle and 
thickest near the latter. Easily broken under the microscope, show-
ing two distinct layers, the outermost pigmented. Oocyst surface with 
a sculptured aspect as in fig. 7. 
Extra-residuaL body: present, distinct, varying in shape and . size, occa-
sionally dispersed; about 4.2 to 7.1 µ in size. 
Intra-residuaL body: distinct, in a ball, relatively small. 
SporuLati<m time: 70 to 95 hours; average 85 hours. 
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Length: range, 44.0 to 57.0 µ; mean, 48.4 µ; mode, 48.5 µ. 
Breadth: range, 25.0 to 35.0 µ; mean, 29.5 µ; mode, 30.0 µ. 
Mean shape index: 1.60. 
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Sporocyst: ovoid, in a few cases almost circular; 12.7 to 17.8 µ by 7.0 
to 10.1 µ. 
Sporozoite: banana-shaped, with central nucleus and small refractive 
granules (about 2.8 to 4.0 µin size). 
Prepatent period: 6 to 7 days. 
Patent period: 9 to 14 days; average 11 days. 
Intestinal localization: Unknown. 
Specific diagnosis: (1) specificity for Sylvilagus, 
(2) pectination of the oocyst wall, 
(3) large size and superficial sculpture, 
(4) presence of extra- and intra-residual bodies. 
Originally described from the Wyoming cottontail, this species is 
here reported for the first time from the Mearn's cottontail and from 
Iowa. It was found naturally in 13 per cent of the rabbits examined. 
Morgan and Waller's report (1940) of E. paulistana Fonseca, is believed 
to be properly referred to E. rnaior. All specimens examined by the 
author possessed the extra-residual body and a small micropyle, neither 
of which characterizes paulistana. 
E. rnaior is admissable to the subgenus Globidium, as proposed by 
Reichnow and Carini (1937) to include those species with an unusual 
size of all developmental stages and with localization in the subepithelial 
tissue. For the present the recognition of subgenera in Eimeria seems 
unjustified. 
Cottontails infected in the laboratory harbored rnaior without any 
symptomatology. 
Geographical distribution: Iowa and Wyoming. 
3. EIMERIA MEDIA KESSEL, 1929 
(Pl. I, Fig. 4) 
This species was found twice, only once naturally. In the latter case, 
verified in the laboratory, it is presumed that it was due to contact with 
tame rabbits. Cross-infection experiments were positive, and the oocysts 
were similar to E. media from the tame rabbit in dimensions and char-
acteristics. It is suggested that the case found in nature was probably 
due to contact of the cottontail with pellets of the tame rabbit. 
4. EIMERIA MEDIA FORM HONESSI, N. FORM 
(Pl. I, Fig. 10) 
This form, described by Honess (1939) as an unidentified variety of 
media, was found in three of the cottontails examined. Dimensions and 
characteristics are the same as those given by Honess (1939). One 
cross-infection experiment was carried on with the tame rabbit, using 
a light dose of oocysts. No growth was obtained, and the author thinks 
it advisable for the present to name it as a new form, honessi, since that 
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author did not apply a name to his variety. No further studies were per-
formed and future experiments will determine if it is a good species or not. 
5. EIMERIA NEOLEPORIS CARVALHO, 1942 
(Pl. I, Fig. 8) 
Shape: subcylindrical or elongate ellipsoidal, usually tapering somewhat 
toward the micropyle. 
Color: pinkish yellow. 
Micropyle: present, very distinct (except in certain perhaps abnormal 
specimens appearing at the end of heavy infections). 
Oocyst wall: smooth, of uniform thickness, noticeably enlarged near the 
micropyle. 
Extra-residual body: consisting of 4 or less granules in the sporoblast 
stage, or absent, usually disappearing after completion of sporula-
tion. 
Intra-residual body: present, large, occupying about Ya of the sporocyst. 
Sporulation time: 50 to 75 hours; average 60 hours. 
Length: range, 32.8 to 44.3 µ; mean, 38.8 µ; mode, 38.5 µ. · 
Breadth: range, 15.7 to 22.8 µ; mean, 19.8 µ; mode, 20.0 µ. 
Mean shape index: 1.95. 
Sporocyst: with Stieda's body, elliptical, measuring on the average 17.1 µ 
in length by 8.0 to 9.0 µ in width. 
Sporozoite: banana-shaped, with nucleus, large and small refractive 
granules, about 14.3 to 15.5 µ by 4.0 to 5.0 µ. 
Prepatent period: 11 to 14 days; average 12 days. 
Patent period: 8 to 16 days; average 10 days. 
Intestinal localization: ileo-cecal valve and apical process of the cecum. 
Specific diagnosis: (1) presence of a distinct micropyle, 
(2) extra-residual body when present only in sporo-
blast stage and composed of a few granules, 
(3) infectivity to tame rabbits, 
( 4) intestinal localizatlon. 
This species, described by the author (1942) , was found to occur 
in 26 per cent of the cottontails examined. Morgan and Waller's report 
(1940) of E. leporis Nieschulz is probably referable to this species. They 
are closely related, but neoleporis differs from leporis in its intestinal 
localization, the presence of a distinct micropyle, the lack of an extra-
- residual body (or only traces of it during sporoblast stage) and infectivity 
to tame rabbits. 
Cross-infection was positive for tame rabbits and will be discussed 
later. Large numbers of the oocysts obtained at the end of infections 
showed the protoplasmic contents diffused throughout, an almost im-
perceptible micropyle and inability to sporulate. These oocysts were 
probably unfertilized and bacterial accumulation within them was fre-
quently observed. This contrasts with infections in cottontails where 
oocysts are always passed in the normal condition, even at the end of 
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infection. Other than this, no characteristic was present to demonstrate 
differences of oocysts in the two hosts. 
Geographical distribution: Iowa. 
6. EIMERIA SYLVILAGI CARINI, 1940 
(Pl. I, Fig. 9) 
Shape: ovoidal to ellipsoidal. 
Color: slightly yellowish with a pinkish tinge. 
Micr<Ypyie: distinct, wide, about 6 µ wide. 
Oocyst wall: with uniform thickness (Carini mentioned transverse striae 
which were not seen by the author). The wall is relatively thick. 
Extra-residual body: absent. 
Intra-residual body: present, formed by granules scattered among or 
over the sporozoites 
Sporulation time: 55 to 80 hours; average 65 hours . 
. Length: range, 22.5 to 31.4 µ; mean, 29.0 µ; mode, 28.5 µ. 
Breadth: range, 15.0 to 20.0 µ; mean, 17.5 ~t; mode, 17.0 µ. 
Mean shape index: 1.6. 
Sporocyst: ellipsoidal, fairly large, with Stieda's body, about 14.5 by 7.0 µ. 
Sporozoite: banana-shaped, with central nucleus and small refractive 
granules (about 4 µ). 
Prepatent period: 7 to 8 days. 
Patent period: 14 to 18 days. 
Intestinal localization: small intestine. 
Specific diagnosis: (1) specific to Sylvilagus, 
(2) absence of extra-residual body, 
(3) presence of a granular intra-residual body. 
E. sylvilagi was described by Carini (1940) from the Brazilian hare, 
Sylvilagus brasiliensis minensis (Oldfield), and is here reported for the 
first time in North America. It is readily mistaken for E. media, being 
distinguished by the lack of the extra-residual body. 
No pathological symptoms were observed in rabbits harboring this 
species. 
Geographical distribution: Sao Paulo, Brazil, and Iowa. 
Shape: subcircular. 
Color: straw-tinged. 
Micropyle: absent. 
7. EIMERIA MINIMA N. Sp. 
(Pl. I, Fig. 12) 
Oocyst wall: with uniform thickness. 
Extra-residual body: absent. 
Intra-residual body: present, distinct, granular. 
Polar granule of oocyst: pr~sent, distinct. 
Sporulation time: 140 to 160 hours. 
Sporocyst: ovoid, about 2.5 by 5.7 µ. 
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S,porozoite: as usual, with very small refractive granules. 
Length: range, 11.0 to 15.0 µ; mean, 13.4 µ; mode, 14.0 µ. 
Breadth: range, 9.0 to 14.0 µ; mean, 10.8 µ; mode, 11.0 µ. 
Mean shape index: 1.2. 
Prepatent period: 6 days. 
Patent period: 12 to 16 days. 
Intestinal localization: small intestine. 
Specific diagnosis: (1) specificity for Sylvilagus. 
(2) presence of intra-residual body, 
(3) presence of polar granule. 
This small species of Eimeria was found to occur in 13 per cent of 
the cottontails examined by the author. Its small size and unusually 
light infections render it difficult to find in ordinary examinations. Sporu-
lation was always irregular when in 3 per cent potassium dichromate or 2 
per cent formic acid. It was most effective when pellets were macerated, 
passed through a fine mesh, washed by centrifugation 2 or 3 times, and 
then placed in fresh water. The presence of the protozoan Golpoda inflata 
constituted a great help in keeping down the bacterial flora. No oocysts 
were observed within this protozoan. The amount of liquid added should 
be only enough to keep the contents fairly moist, since oocysts in a layer 
of liquid 3 mm. thick were always delayed in sporulation. Contrary to 
expectation, the small oocysts of this species require the longest sporula-
tion. time of any species of Eimeria found in rabbits and hares. 
Cross-infection experiments conducted with two young tame rabbits 
resulted unsuccessfully. This fact leads the author to believe that past 
reports on E. exigua from the Mearns cottontail are properly referable 
to this species. The presence of a distinct intra-residual body, a polar 
granule and non-infectivity to the tame rabbit permit the author to raise 
it to specific rank under the name minima. 
Geographical distribution: Iowa. 
THE COCCIDIA OF THE WHITE-TAILED JACK RABBIT, 
LEPUS TOWNSENDII CAMPANIUS HOLLISTER 
1. EIMERIA AMERICANA N. Sp. 
(Pl. I, Fig. 14) 
Shape: ovoid or elongated ellipsoidal, tapering toward the extremities. 
Color: pinkish. 
Micropyle: present, distinct, about 6 µ wide. 
Oocyst wall: delicate, with uniform thickness. A distinct dark-brownish 
marginal lappet visible of the micropyle. 
Extra-residual body: present, distinct, granular and spread over and 
among the sporocysts. 
Intra-residual body: absent. 
Sporulation time: 55 to 65 hours; average 60 hours. 
Length: range, 34.3 to 42.8 µ; mean, 38.1 µ; mode, 38.8 µ. 
Breadth: range, 18.3 to 25.0 µ; mean, 21.0 µ; mode, 21.3 µ. 
Mean shape index: 1.8. 
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Sporocyst: ovoid, proportionately large, about 7.0 to 8.0 µby 17.1 µ. 
Sporozoite: comma-shaped, with central nucleus and large refractive 
granules, about 5.5 µ. 
Prepatent, patent period and intestintaL LocaLization: unknown. 
TABLE 1 
DISTRIBUTION OF SPECIES IN INDIVIDUAL WILD COTTONTAILS 
E. neo- E. E. E. E. E. 
Rabbit No. Date leporis environ maior sylvilagi media minima 
1 * 9- 8-41 x x 
2 *. 9-12- 41 x x 
3*. " x x 
4 . 9- 20- 41 x 
5 •. " x x x x 
6. 9-28- 41 x x 
7. " x 
8. 10- 5- 41 x x 
9 *. 10- 12-41 x 
10. 11- 5- 41 
11 * 11- 26- 41 x x 
12 *. " x 
13 *. x 
14*. 1- 30- 42 
15 . " x 
16 . 2- 6- 42 
17. " x 
18 . 2- 20- 42 X' x 19 . " 
20 . x x 
21 x x 
22 •. x x x 
23. x 
24* . x x x 
25 . 2-26-42 x 
26 . " x 
27 *. 2- 27- 42 x 
28 *. " x x x 
29. x x 
30. x x 
31 3- 2-42 x 
32*. " x x 
33 . 4- 5-42 x 
34. " 
35*. 4- 8- 42 
36* . 4- 20-42 x x x 
37 *. x 
38 • . 6- 2- 42 x x 
39 *. " x 
40*. 6- 10-42 x x x 
41 • 6-22- 42 
42* . 6- 25- 42 x x 
43. 7- 3-42 x 
44. " x 
45*. 7- 5- 42 x x 
Total. 12 29 6 12 6 
Percentage. 26 64 13 26 2 13 
*Based on autopsies of field-collected cottontails. AJI others are basccd on examination of 
cultures from field-collected pellets. 
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Specific diagnosis : (1) specific for the jack rabbit, 
(2) presence of extra-residual body and absence of 
intra-residual body, 
(3) shape of the oocyst, and 
( 4) lappet surrounding the. micropyle. 
This species was found in two jack rabbits. Its peculiar anterior end, 
with a prominent lappet around the micropyle, make its identification 
fairly easy. Cross-infection experiments with tame rabbits and cotton-
tails resulted unsuccessfully. 
Geographical distribution: Iowa. 
2. EIMERIA IRRESIDUA FORM CAMPANIUS N. FORM. 
(Pl. I, Fig. 15) 
. 
Oocyst with the same morphology and dimensions of E. irresidua 
from the tame rabbit were recovered from two jack rabbits. Trials of 
cross-infection with tame rabbits and cottontails, however, were negative. 
The new physiological form campanius is erected for this type. 
3. EIMERIA MAGNA FORM TOWNSENDII N. FORM. 
(Pl. I, Fig. 1) 
This new form is being erected for oocysts recovered from three 
jack rabbits. It is morphologically similar to E. magna from the tame 
rabbit, but is unable to grow in either that host or the cottontail. Cross-
infections were tried with six young tame rabbits free from coccidia, to 
which heavy and fresh doses of oocysts were given. Two cottontails 
which also received heavy doses were not susceptible. 
4. EIMERIA ROBERTSON! MADSEN, 1938 
(Pl. I, Fig. 13) 
Shape : ovoid to broad ellipsoidal. Approaching irresidua more closely 
than magna. 
Color: slightly yellow to pinkish-yellow. 
Micropyle: present, distinct, very large; average 8.5 µ. 
Oocyst wall : with uniform thickness throughout except near the micro-
pyle where it is thicker and usually with prominent marginal lappet. 
Extra-residual body: present, very large, usually 12.0 to 15.0 µ, almost 
twice the normal size of magna. 
Intra-residual ·body: normally absent; if present with the granules few 
and scarcely visible. Never distinct or in a ball as in magna. 
- Sporulation time : 50 to 65 hours; average 56 hours. 
Length: range, 35.7 to 46.8 µ; mean, 40.5 µ; mode, 41.8 ~l. 
Breadth: range, 22.8 to 32.8 µ; mean, 25.0 µ; mode, 25.7 µ. 
Mean shape index: 1.6. 
Sporocyst: oblong-fusiform, with relatively sharp anterior end, about 19.5 
by 7.0 µ,some as long as 22.0 µ, which never occurs in magna. 
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Sporozoite: elongate, comma-shaped, with fairly large refractive granules. 
Prepatent and patent periods: unknown. 
Intestinal localization: duodenum. 
Specific diagnosis: (1) not growing in tame rabbits or cottontails. 
(2) extra-residual body, size and sporocysts all very 
large, 
(3) lack of intra-residual body or, if present, only 
traces. 
This species is being raised to specific rar;tk, because it differs from 
E. magna in the following characters: 
Species 
Size 
Extra-res. 
body 
Micropyle 
Intra-res. 
body 
Sporocyst 
Localiza-
tion 
Hosts 
E. magna 
Mean length and width: 
35.0 by 24.0 µ. 
Smaller, about 7.5 to 9.0 ~t . 
Smaller, about 6.0 µ. 
Distinct, ovoid, about 1.0 
to 3.0 µ. 
Mean length 14.0 µ. 
Lower small intestine, ce-
cum, and large intestine. 
Oryctolagus cuniculus. 
E. robertsoni 
Mean length and width: 
40.5 by 25.0 µ. 
Larger, about 12.0 to 
15.0 µ. 
Larger, about 8.5 µ . 
Absent or indistinct. 
Mean length 19.5 µ. 
Duodenum. 
L. arcticus and L. town-
sendii. 
E. robertsoni occurred in nine of the twelve (75 per cent) jack rabbits 
examined. Cross-infection trials with tame rabbits and cottontails were 
negative. The figure presented by Madsen (1938) for his type B (figure 
b) is probably a representative of this species. He mentioned it under 
the name of perforans var. groenlandica, but perforans reaches a maxi-
mum length of only 30 µ. The micropyle which is very distinct in his 
picture, is absent in perforans. It is probable that Madsen's description 
is a complex of two species, but for nomenclatorial purposes the name 
robertsoni may be associated with the larger form here described (Fig. 5, 
b , and Fig. 6, a , of Madsen). 
Geographical distribution: Greenland and Iowa. 
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5. EIMERIA SEPTENTRIONALIS YAKIMOFF, MASTCHUOSKY AND 
SPARTANSKY, 1936 
(Pl. I, Fig. 17) 
Sha,pe : ovoid to circular. 
Color: transparent or light-violet. 
Micropyle: present, very broad, measuring up to 12 µ. 
Oocyst wall: with uniform thickness of 1 µ throughout; near the micro-
pyle there is a prominent marginal lappet, which is darker in color 
than the rest of the wall. 
Extra-residual body: absent. 
Intra-residual body: absent. 
Sporulation time : 55 to 65 hours; average 60 hours. 
Length: range, 22.8 to 32.0 µ; mean, 23.8 µ ; mode, 22.8 µ. 
Breadth: range, 20.0 to 22.8 µ; mean, 20.6 µ ; mode, 20.0 µ. 
Mean shape index: 1.1. 
Sporocyst: ovoid to ellipsoidal, normal size 12.0 to 14.0 µ by 6.0 to 8.0 µ. 
Sporozoite: as usual, with central nucleus and medium size refractive 
granules. 
Prepatent and patent periods: unknown. 
Intestinal localization: unknown. 
Specific diagnosis: (1) non-infectivity to tame rabbits. 
(2) very broad micropyle, 
(3) lack of intra- and extra-residual bodies. 
Described from the Russian hare (Lepus timidus), Eimeria septen-
trionalis has been reported also from the Greenland hare, Lepus arcticus 
(by Madsen, 1938). This author reported Eimeria septentrionalis under 
the name E. exigua var. septentrionalis. E. exigua is an entirely distinct 
species which is smaller and does not possess a micropyle. Madsen's state-
ment, "Micropyle absent or, if present, broad, more or less indistinct, 
sometimes surrounded by a thickened margin," leads the author to 
believe that he dealt with two species, or saw and drew specimens with 
the micropyle turned down on the microscope field (hence invisible). 
E. septentrionalis is here being reported for the first time from Lepus 
townsendii cam,panius and from the United States. It was found in four 
of the twelve (33 per cent) jack rabbits examined. Cross-infection ex-
periments with tame rabbits and cottontails failed to show any infection. 
Our specimens were similar to the ones described by Yakimoff et al., and 
the author regards it as a good species. 
Geographical distribution: Europe (Russia), Greenland, and United 
States (Iowa) . 
6. EI ME RIA SCULPT A MADSEN, 1938 
(Pl. II, Fig. 16) 
Shape: pear-shaped to ovoidal. 
Color: Dark-brown. 
Micropyle: narrow, plug-shaped (Madsen) . In our specimens the mit:ro-
pyle was broad, measuring up to 7.5 µ. 
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Oocyst wall: with uniform thickness of about 2 µ, but somewhat thicker 
near the micropyle. Outer surface distinctly sculptured. 
Extra-residual body: absent. 
Intra-residual body: large, sharply delimited, ellipsoidal (Madsen). In 
our specimens granular, coarse, without a fixed form. 
Sporulation time: 50 to 60 hours; average 55 hours. 
Length: range, 32.0 to 38.0 µ; mean, 36.0 µ; mode, 35.7 µ. 
Breadth: range, 28.6 to 31.4 µ; mean, 29.7 µ; mode, 30.0 µ. 
Mean shape index: 1.2. 
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LENGTH AND WIDTH IN .fa 
Graph Il. Length and width curves of the species of Eimeria from the jack 
rabbit, Lepus townsendii campanius Hollister. 
Sporocyst: ovoidal, with sharply pointed end, measuring 15.0 to 19.0 µ by 
9.0 to 10.0 µ. No micropyle was seen as mentioned by Madsen. 
Sporozoite: as usual, with central nucleus and small refractive granules. 
Prepatent and patent periods: unknown. 
Intestinal localization: unknown. 
Specific diagnosis: (1) not growing in the tame rabbit or cottontail, 
(2) sculptured surface, 
(3) absence of extra-residual body and presence of 
intra-residual body. 
Described by Madsen (1938) from Le'JYl.l,s arcticus, this species is 
here reported for the first time from Lepus townsendii campaniu,s and 
from the United States. It was found in nine of the twelve (75 per cent) 
jack rabbits examined. 
Cross-infection experiments were negative for tame rabbits and 
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cottontails. Our specimens possessed a much wider micropyle than 
Madsen's specimens. The oocyst wall was thicker near the micropyle, 
and several specimens showed the marginal lappet around it. No other 
differences were noted. 
Geographical distribution: Greenland and Iowa. 
Rabbit 
1 ......... . ... . 
2 ..... . .. . .... . 
3 . ..... . 
4 .... ....... .. . 
5 .... . ... . .... . 
6 .... . . ... . .. . . 
7 . . ....... . ... . 
8 ...... ....... . 
9 .. . ... . 
10 .... ... . ... . . . 
11. .. . . . ...•.... 
12 .......... . .. . 
TABLE 2 
DISTRIBUTION OF SPECIES IN JACK RABBITS 
E. 
Date robertsoni 
10- 8- 41 x 
3- 14-42 x 
" x 
x 
3- 18- 42 x 
" x 
3- 22- 42 x 
" . . 
x 
4- 2- 42 
" x 
E. 
sculpta 
.. 
x 
x 
x 
x 
.. 
x 
x 
x 
x 
x 
E. septen-
trionalis 
. . 
. . 
. . . 
x 
. . 
x 
. . . . . . . 
x 
x 
E. E. irresidua 
americana j. campanius 
x 
x 
x 
x x 
. . . . 
x . .. . . . . 
. .. . . . . . .. 
. ... . . . . . . . ... 
x 
THE COCCIDIA OF OTHER RABBITS AND HARES* 
1. EIMERIA LEPORIS }_l"IESCHULZ, 1923 
(Pl. I, Fig. 18) 
Shape: strikingly narrow, usually cylindrical, more rarely elliptical and 
frequently weakly bent into a bean form. 
Color: completely colorless or with a very weak tinge of yellow. 
Micropyle: absent (according to Nieschulz a clear micropyle could not be 
recognized) . 
Oocyst wall: present, of constant size, breaking down into small individ-
ual granules after the completion of sporulation. 
Intra-residual body: roundish, large. 
Extra-residual body: present, of constant size, breaking down into small 
individual granules after the completion of sporulation. 
Sporulation time: unknown. 
Length: range, 26.0 to 36.0 µ; mean, 32.0 µ. 
Breadth: range, 13.0 to 20.0 µ; mean, 16.0 µ. 
Mean shape index: 2.0. 
Sporocyst: ovoid, with pointed anterior end. Stieda's body present. 
Sporozoite: elongate, with large refractive granules. 
Prepatent and patent periods: unknown. 
Intestinal localization: small intestine. 
• Data given for these species were obtained from the original descriptions, since 
none of them have been examined by thP author. 
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Specific diagnosis: (1) specificity to Lepus spp, 
(2) absence of micropyle, 
(3) presence of large extra-residual body, 
( 4) intestinal localization. 
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Cross-infection experiments conducted by Nieschulz have shown 
that this species does not grow in tame rabbits. The author was unable 
to detect this species in the Iowa cottontail, as reported by Morgan and 
Waller (1941). A closely related species was named E. neoleporis by the 
author. A comparison of the figures given by Nieschulz (1923) and 
Schoeners (1936) for E. leporis, and Pl. I, Fig. 8, for E. neoleporis illus-
trates the differences. 
Georgra,phical distribution: Europe. 
2. EIMERIA PAULISTANA FONSECA, 1932 
(Pl. I, Fig. 20) 
Shape: elliptical-elongate and regular, flattened at the micropyle end. 
Color: heavily bile-stained. 
Micropyle: present, distinct, very large (as seen in Fonseca's figure). 
Oocyst wall: very thick and formed by three membranes; the innermost 
thin and adherent to the sporoblast, the median thicker, separated 
from each other and from the outer one. The latter with double 
contour, striated transversally and thicker near the micropyle. 
Extra-residual body: absent. 
Intra-residual body: present, small and ovoid (as seen in Fonseca's 
figure.) 
Sporulation time: minimum 120 hours. 
Length: range, 40.0 to 43.0 µ; mode, 43.0 µ. 
Breadth: range, 23.5 to 24.0 µ; mode, 24.0 µ. 
Shape index: 1.7. 
Sporocyst: ovoid, measuring 15.5 by 7.5 µ. 
Sporozoite: elongate. 
Prepatent and patent periods: unknown. 
Intestinal localization: unknown. 
Specific diagnosis: (1) specificity for Sylvilagus, 
(2) presence of intra-residual body and lack of extra-
residual body, 
(3) striated wall and large micropyle. 
This species described from the Brazilian hare is very closely related 
to E. maior from the American Sylvflagus, but according to Fonseca 
(1933), it lacks an extra-residual body, which is present in the latter. 
It was mentioned by Morgan and Waller (1941) as occurring in the Iowa 
cottontail, but was not found in the present investigation. Experimental 
infections carried through in the cottontail always revealed a distinct 
extra-residual body in the oocysts, in absolute agreement with Honess' 
(1939) description for E. maior. Oocysts exchanged with the latter author 
proved to be the same species. 
Cross-infection experiments carried out by Fonseca in the tame 
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rabbit have proved the specificity of this species for Sylvilagus, as is the 
case with E. maior. 
Geographical distribution: Brazil. 
3. EIMERIA PINTOENSIS FONSECA, 1932 
(Pl. I , Fig. 19) 
Shape: ovoid, narrower toward the micropyle end. 
Color: faintly yellowish-green. 
Micropyle: invisible in immature specimens. Present in mature speci-
mens, but not very distinct. 
Extra-residual body: absent. 
Intra-residual body: present, elongated. 
Sporulation time: 48 hours. 
Length: range, 21.5 to 26.5 µ; mean, 23.5 µ. 
Breadth: range, 15.0 to 16.0 µ; mean, 15.5 µ. 
Shape index: 1.5. 
Sporocysts: ovoid, usual size 12.0 to 14.0 by 5.0 to 7.0 µ. 
Sporozoites: according to Fonseca's figure, as usual, with small refractive 
granules. 
Prepatent and patent periods: Unknown. 
Intestinal localization: unknown. 
Specific diagnosis: (1) occurring in Brazilian Sylvilagus, 
(2) absence of extra-residual body and presence of 
intra-residual body, 
(3) indistinct micropyle. 
This species was not found in the Iowa cottontail in spite of diligent 
search. Attempted cross-infection experiments with the tame rabbit 
were unsuccessful (Fonseca) . 
Geographical distribution: Brazil. 
A KEY FOR THE SPECIES OF EIMERIA 
KNOWN FROM RABBITS AND HARES 
1. Micropyle absent ........ ..... ........ .. .. ... ..... ... ... ................... ..... ......... ....... ........ ... 2 
Micropyle present .. .... ... ......................... ............. .............. .............. ... .. ........ 6 
2. Extra- and intra-residual bodies present ........ ...... ........... ........... .... ........ 3 
Both residual bodies absent, or only the intra-residual body present 4 
3. Small oocyst, not over 30 µ in length, shape index 1.4, normally in 
tame rabbits (Pl. I, Fig. 5) ................ ....... ... ...... E. perforans (Leuckart) 
Large oocyst, over 26 µ in length, shape index 2.0, in European 
Lepus (Pl. II, Fig. 18) ........................ ... ... ........ .......... E. leporis Nieschulz 
4. Only the intra-residual body present ............ ................ ....... ................. 5 
Both residual bodies absent (Pl. I, Fig. 6) ................ E . exigua Yakimoff 
5. Small oocyst, not over 15 µ in length, shape index 1.2, in the 
American Sylvilagus (Pl. I , Fig. 12) .. .............. ... ....... .. E. minima n. sp. 
Large oocyst, over 21 µ in length, shape index 1.5, in the Brazilian 
Sylvilagus (Pl. I, Fig. 19) ................... ... .... .......... E. pintoensis Fonseca 
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6. Extra-residual body distinct in sporulated oocysts .. ....... ... ... ...... .... ... ,.7 
Extra-residual body absent, or consisting of but 3 or 4 granules 
during sporoblast stage .... ... ... .. ........... ... ........ .. .... .... .... .... .. ...... ... ..... ... ... .... .. 12 
7. Intra-residual body present and distinct ..... .... ....... .. ..... ..... .... ... ... .. ... ..... 8 
Intra-residual body absent or consisting of but 3 or 5 scattered -
granules ... .... ... .............. ... .. ..... ........ ....... ... .. .. ...... ..... ...... .... .... .... .. ... .... ..... ... .. .. 10 
8. Very large oocyst, with sculptured surface and pectinated wall, 
growing only in Sylvilagus (Pl. I, Fig. 7) .. .. .... .... ... ..... E. maior Honess 
Not as above, growing in Lepus or Oryctolagus .... .. ...... ....... ......... .... .. .. 9 · 
9. Small oocyst, mean length 31.0 µ, shape index 1.6, with small residual 
body and convex micropyle (Pl. I, Fig. 4) ... ... ....... ....... E. media Kesse! 
Medium size to large oocyst with a marginal lappet, shape index 1.4, 
with very large extra-residual body and concave micropyle (Pl. I, 
Fig. 1) .. ...... ................. ..... .... ......... ........ ........ .... ............. .... E. magna Ferard 
Same as above, but specific for Lepus 
E. magna form townsendii n. form 
10. Very large oocyst, mean length 40.5 µ, extra-residual body averag-
ing over 12.0 µ, shape index 1.6, oocyst wall thickening toward the 
micropyle (Pl. I , Fig. 13) .... .. ......... .... .. ....... ... ... ... ... E. robertsoni Madsen 
No so large as above, extra-residual body small or scattered through-
out the oocyst, the oocyst wall with uniform thickness .. ...... .. ....... .. .... . 11 
11. Mean length 38.1 µ, shape index 1.8, extra-residual body granular 
and spread over and among the sporocysts, in Lepus (Pl. I , Fig. 14) 
E. americana n . sp. 
Mean length 28.5 µ, shape index 1.4, extra-residual body small, in 
Sylvilagus (Pl. I, Fig. 10) ...... ........ ..... ..... E. media form honessi n. form 
12. Intra-residual body present ... ... .. .... .... ... ...... ..... ...... ... ..... ..... ...... ..... ....... .. ... 13 
Intra-residual body absent .. .... ........ .. ... .......... ......... .. ... .. .... .. ...... ....... ... ... .. 18 
13. Very large, with thick oocyst wall, mean length 43.0 µ, shape index 
1.7, in the Brazilian Sylvilagus (Pl. I, Fig. 20) .. .. E. ;paulistana Fonseca 
Not as above .. ..... .... ......... .. .... ... .. ... ... .......... ....... ....... ...... .. ...... .. ... .... ..... .... .... . 14 
14. Elongate, mean length 38.8 µ, shape index 1.95, oocyst tapering 
toward the anterior end, in the American Sylvilagus (Pl. I, Fig. 6) 
E. neoleporis Carvalho v 
Oocyst round or ovoid, shape index smaller than above ........ .. .... .. .... 15 
15. Oocyst with sculptured surface, wide micropyle, mean length 36.0 µ, 
shape index 1.2, in Lepus (Pl. I , Fig. 16) .. .. ....... .... . E. sculpta Madsen 
Oocyst not sculptured, occurring normally either in Sylvilagus or 
Oryctolagus ... ... ........ ...... .............. ... .. ... ... ... .. ..... .... .... .... ....... .... ... ... .... .... ..... ... 16 
16. Mean length 29.0 µ, shape index 1.6, intra-residual body granular 
and scattered, in Sylvilagus (Pl. I, Fig. 9) ... ..... .. ...... .. E. sylvilagi Carini 
Mean length over 29.0 µ, in Oryctolagus ..... .. .. ... ... .. ... ....... .. .. .... ... ....... .. . 11 
17. Mean length 37.0 µ,shape index 1.8, convex micropyle, localized in 
the liver (Pl. I , Fig. 2) .... ... .. ....... ... .. .. ....... .. ........ E . stiedae (Lindemann) 
Mean length 38.3 µ, shape index 1.5, concave micropyle, localized 
in the intestine (Pl. I, Fig. 3) .... .. .. ... ... E . irresidua Kessel & Jankiewicz 
Same as above, but growing only in Lepus 
E. irresidua form campanius n . form 
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18. Subspherical, mean length 32.8 µ,shape index 1.1, with large micro-
pyle, in Lepus (Pl. I, Fig. 17) .... .. .. E. septentricmalis Yakimoff et al. 
Ovoid, mean length 25. 7 µ, shape index 1.3, with narrow and plug-
shaped micropyle, in Sylvilagus (Pl. I, Fig. 11) .... .. .. E. environ HonessV 
EXPERIMENTAL CROSS-INFECTIONS WITH THE SPECIES OF 
THE TAME RABBIT, COTTONTAIL, AND JACK RABBIT 
1. THE SPECIBS OF THE TAME RABBIT INTO COTTONTAILS 
E. PERFORANS. Infection was obtained by feeding freshly sporu-
lated oocysts of this species to three young cottontails. The oocysts re-
covered from these cottontails were similar in size and morphology to 
normal oocysts from tame rabbits which averaged 21.5 µ in length by 
15.5 µ in width. Table 3 shows the length and breadth of E. perforans 
in cottontails. 
TABLE 3 
LENGTH AND BREADTH OF E. perforans RECOVERED FROM EXPERIMENTAL 
INFECTION IN A COTTONTAIL 
Breadth 
Length 12 .8 14 . 3 15 .7 17 . 1 18.5 
18 . 5 ........ 1 2 2 1 . . . . . . . . . . 
20 . 0 ............ 2 9 5 3 .......... 
21.4 ... . ........ 3 16 12 2 .......... 
22 .8 ..... ....... 9 46 26 t 
24 . 3 .... .. . 7 23 16 1 
25. 7 . . . . .. . ... . . 2 3 5 1 
Total. ....... 24 99 65 9 2 
Total 
6 
19 
33 
82 
48 
12 
200 
No special symptoms were observed, a condition attributed to the 
small dose given. The prepatent period was 5 days and the patent period 
from 12 to 24 days or the same as in tame rabbits. One case of natural 
infection in the laboratory was verified, following placement of a cotton-
tail in a tame rabbit cage. 
E. IRRESIDUA. Cottontails proved to be receptive to this species. 
The prepatent period averaged 9 days, but the patent period was irregu-
lal', varying from 8 to 17 days. Oocysts recovered from cottontails were, 
however, similar to those obtained from tame rabbits which averaged 
38.3 µ in length by 25.6 µ in width. Table 4 shows the range in size 
of the oocysts recovered from the pellets of the cottontails. 
E. STIEDAE. No attempts were made to grow this species in Mearn's 
cottontails. It should probably prove to be infective, however, because 
all other species from the tame rabbit, in which cross-infection has been 
attempted, were able to develop in this host. 
E. EXIGUA. No oocysts of this species from the tame rabbit were 
available for cross-infection to cottontails. 
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E. MEDIA. This species was also able to produce infection in cotton-
tails, but no symptomatology was apparent. The prepatent period was 
from 5 to 6 days and the patent period from 14 to 16 days. Oocysts re-
covered from cottontails, as shown in Table 5, and those from tame rabbits 
were similar in morphology and size. The original tame rabbit strain 
averaged 30.0 µ in length by 18.5 µ in width. 
E. MAGNA. As previously reported by Becker (1933), this species 
is infective to cottontails, producing clinical coccidiosis. From the third 
TABLE 4 
L E NGTH AND BREADTH OF E . irresidua RECOVERED FROM EXPERIMENTAL 
INFECTION IN A COTTONTAIL 
Breadth 
Length 20 . 0 21 . 4 22.8 24 .3 25 .7 27 . 1 Total 
32 . 8 .. . .... ... 1 3 4 8 18 
34.3 ..... ........ . . . . . . . . 4 9 8 21 
35 . 7 . .. . ... .. ... ........ 4 15 12 2 33 
37 . 1. .. ......... . . . . . . . . 2 1 7 14 . . . . . . . . 24 
38 . 6 ... . . . ..... . . . . . . . . ....... 1 4 4 10 
40.0 ... . . . . . . . . . . . . . . . . . . . . . . . . 1 . .. . . . . 1 
Total . . . ........ 3 13 40 46 4 107 
to the sixth day, the cottontails showed rough coat, loss of appetite, and 
softened pellets. The prepatent period averaged 4 days and the patent 
period 14 days. Tame rabbits infected at the same time with identical 
dosage and culture had a prepatent period of from 6 to 7 days and a 
patent period of from 12 to 21 days. There was a difference not only in 
respect to the duration of the prepatent period, but also in size of oocysts 
produced in the two species of host. The morphology, however, was 
constant, and no further modifications occurred in the residual bodies or 
sporocysts. Graph III compared the size of E. magna from cottontails 
TABLE 5 
LENGTH AND BREADTH OF E . media RECOVERED FROM EXPERIMENTAL 
INFECTION IN A COTTONTAIL 
Breadth 
Length 15 . 7 17 .1 18 .6 20.0 21.4 22 . 8 
24 . 3 ........... ..... . . 2 1 1 
25 . 7 ....... . .... 3 3 2 1 
27 . 1 ... . . . . ... 6 8 4 1 . .. . . . . . .... . . . 
28 . 6 . .. .... ... . 3 19 4 9 1-
30.0 . . . . . ....... . . . . . . . . 5 3 1 . . . . . . . 
31.4 ... ..... . . . .. . . . . . 2 2 4 . . . . . . . . 
Total. ... . . . .... 12 39 16 17 3 
Total 
5 
9 
19 
36 
9 
9 
87 
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and tame rabbits. When the different results are compared for signi-
ficance, the following data are obtained: In the case of the original 
strain in the tame rabbit and the first passage in the cottontail, the 
Diff. means . p E d"ff for width was 8.9, and for length, 23.5; the same for 
.. i .means 
the second passage in the tame rabbit and second passage in the cotton-
tail was, for width, 5.7, for length, 25.4; for original tame rabbit strain and 
• 
... 
50 
45 
40 
~ 35 
0 
'8 30 
~ 
~ 2S 
E 20 
J 
z 
l!l 
JO 
0 
I I I I I I I I I I I 
----or_1gi1Jal 1"ame rabt:::frt ~Train 
-
------ l'"irs"f" p::l""'oge in c::o+t-on-t-ail 
~econd pa:>sa.ge in -t-Qme rabbi+ 
---Second p-' 5 "'°9"' in =-tt-on+ail 
-
I 
I ,. 
v i\ 
11 I \ I 'V~ I 
' 
/, 
\ Jk/ •• /\ /\ , 
, \ \\' I i\ \ i \/ \ ~ 
J, r l \ I , 
... _
~ ~ J 
" 
I ,, .. , 
W/ 1 \ \ r- i'~ "~1 I \ \ j' ....__ I // \' \' /_,,,. .,,,..,,. ~ \ \ I\ 
I , \~ 
'' 
~ 
17.I 185 200 21.4 22.13 24.3 28.IO 300 31.4 32.l! 34.3 3!17 37.l 38.G 400 4l 4 
Length and width In }-'-
Graph III. Comparative size of E. neoleporis in tame rabbits and cottontails (based 
on 100 oocysts). 
second passage into the tame rabbit, width 0.6, length 0.3; first passage 
into cottontail and second passage into cottontail, width 2.1, length 0.9. 
Since it is usually assumed that a value of 3 is significant, it is obvious 
that length and width of the oocyst of E. magna differed significantly in 
the tame rabbit and cottontail in both the first and second passages 
through the two hosts, and that the dimensions did not differ significantly 
in the two passages through either species. 
The data below show the means, standard deviation, coefficient of 
variation, etc. of the species in the different rabbits. 
The minor differences in the curves of the original tame rabbit strain 
and the second passage in tame rabbit are probably due to normal varia-
tion within the strain. This species, however, has a wide length range, 
much wider than in any other species of the tame rabbit. It is apparent, 
even in spite of the variable length, that the mode was considerably 
changed when this species was grown in the cottontail. The normal mode 
was attain~d when oocysts recovered from cottontail were passed back 
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into the tame rabbits, and again modified by a second passage in the 
cottontail. This is the first time that a significant change in size of the 
oocysts due to host-environment has been reported, and it may prove 
of help for future taxonomic studies. 
2. THE SPECIES OF THE COTTONTAIL INTO TAME RABBITS 
E. ENVIRON. Five young and two adult rabbits which received 
doses up to 100,000 oocysts of this species, failed to show infection. 
E. MAIOR. Three young and two adult tame rabbits were fed doses 
TABLE 6 
BIOMETRICAL DATA OBTAINED WITH SERIAL PASSAGES OF E. magna 
INTO TAME RABBITS AND COTTONTAILS 
Original Tame First· Passage Second Passage Second Passage 
Passages Rabbit Strain in Cottontail in Tame Rabbit in Cottontail 
Width ....... .. . . . . . . . 20 . 35±0 . 08 19 .46±0 . 06 20 .43±0 . 11 19 .67±0 . 08 
u . ... . . . ... . •. . .... 1 . 252 1 . 388 1.702 1 . 500 
c.v ......... .. .. .... . . 6 . 15 ± 0.29 7.132±0.24 8. 33 ±0 . 38 7 .62±0 . 35 
Length . . . . . .. . .... . .. 35 . 57 ±0 . 20 30 . 09 ± 0 . 12 35.65±0 . 16 30 .26±0 . 14 
<1' ••••••••••• . . . . . . . 2 . 97 2 . 52 2.57 2.26 
c.v ... . .... . . . ........ 8 . 35±0 . 40 8 . 40 ±0 . 29 7 .20±0 . 33 7 . 26 ±0 . 35 
M ean shape index . . . .. 1. 74 1. 54 1.74 1. 53 
up to 50,000 oocysts, and no infection developed. 
E. NEOLEPORIS. Several infections were obtained with this species 
when oocysts were fed to young tame rabbits. The experimental work 
on this subject will constitute the second article on the coccidia of the 
wild rabbits of Iowa. 
E. MINIMA. Two young rabbits fed with oocysts of this species 
failed to show infection. 
E. MEDIA. Oocysts of the single case of natural parasitism of this 
species found in the cottontail proved to be infective to the tame rabbit. 
It is apparent, therefore, that the cottontail is either an incidental host to 
this ,species or it occurs sporadically in cottontails. It occurs normally 
in tame rabbits. 
E. MEDIA FORM HONESSI. Oocysts of this form found in two 
cottontails were not infective to tame rabbits, and it therefore appears 
to be physiologically as well as morphologically differentiated from med'a 
as it occurs in tame rabbits. 
3. THE SPECIES OF THE JACK RABBIT INTO TAME RABBITS 
AND COTTONTAILS 
Several attempts were made to grow each of the species found in 
Iowa jack rabbits in tame rabbits and cottontails. All trials resulted 
in failure , even when young rabbits free from coccidia were used. This 
experimental work indicates that tame rabbits are more closely related to 
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cottontails than to jack rabbits. It also leads one to suspect the non-
occurrence of the Eimeria species naturally found in tame rabbits in 
other species of jack rabbits. However, no jack rabbits were available 
for cross-infection trials, and no experimental assertion can be made in 
this connection. Further experiments on the subject are needed to 
establish this point. 
SUMMARY AND CONCLUSIONS 
1. This paper reports studies made by the author upon oocysts of 
Eimeria from the domestic rabbit, cottontail, and jack rabbit in Iowa, 
including experimental cross-infections with the different species. 
2. Descriptions with comments, as well as figures of the oocysts, 
are presented for all species of Eimeria known from rabbits and hares. 
3. Eimeria americana and Eimeria minima are being described as 
new species; E. media form honessi, E. magna form townsendii and E. 
irresidua form campanius are described as new forms. 
Eimeria robertsoni is being raised to specific rank. 
4. Of the cottontail species, E. maior and E. environ are here being 
reported for the first time from the Mearns cottontail and from Iowa, and 
E. sylvilagi is mentioned and found for the first time in the United States. 
5. E. robertsoni, E. sculpta, and E. septentrionalis are also here being 
reported for the first time from jack rabbits in Iowa and from the United 
States. 
6. Graphs with plotted dimensions of the species of Eimeria from 
cottontails and jack rabbits are annexed. 
7. Experimental cross-infections were undertaken with the use of 
young rabbits free from coccidia as standard test-animals. Oocysts of 
all species from the jack rabbit were fed to young tame rabbits and 
cottontails, but results have shown that they are unable to grow in either 
host. The species of the tame rabbit were passed to cottontails, and vice 
versa. Although all species of the first host (excepting E. stiedae and E. 
exigua, not tried) were able to grow in cottontails, only E. neoleporis and 
E. media from the latter host could be grown in tame rabbits. 
8. E. magna and E. irresidua from the jack rabbit were unable to 
grow either in tame rabbits or cottontails, and E. media form honessi 
from the latter host could not grow in tame rabbits, showing thus the 
presence of physiological species in the genus Eimeria, which are being 
treated in this paper under the category of forms. 
9. These experiments prove once more that, based on the species 
of Eimeria, tame rabbits are more closely related phylogenetically to 
cottontails than to jack rabbits. 
10. Experimental cross-infections have proved that in most species 
there are no biometrical or physiological changes in the parasite. In the 
case of E. magna in cottontails, however, there was not only an appre-
ciable change in the length of the prepatent period, but also in the size of 
the oocysts. This leads to the assertion that in exceptional cases, size of 
oocysts alone may not be a good character in species differentiation. 
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HOST-CATALOGUE OF SPECIES OF THE GENUS EIMERIA 
OCCURRING IN RABBITS AND HARES 
Lepus (Poecilolagus) americanus Erxleben. 
E. perforans (Leuckart, 1879) 
E. stiedae (Lindemann, 1865) 
Reported by Boughton (1932) 
Lepus (Lepus) articus groenlandicus Rhoads 
E. perforans var. groenlandica Madsen, 1938 
E. robertsoni Madsen, 1938 
E. septentrionalis Yakimoff et al. , 1936 
E. sculpta Madsen, 1938 
Reported by Madsen, 1938 
Lepus ( Macrotolagus) californicus Gray 
E. irresidua Kessel & Jankiewicz, 1931 
E. magna Ferard, 1925 
E. media Kessel, 1929 
E. perforans (Leuckart, 1879) 
E. stiedae (Lindemann, 1865) 
Reported by Henry (1932) 
Lepus (Poec!lolagus) townsendii campanius Hollister 
E. americana n.sp. 
E. irresidua form campanius n. form 
E. magna form townsendii n. form 
E. septentrionalis Yakimoff et al., 1936 
E. sculpta Madsen, 1938 
Reported in the present paper. 
Lepus (Lepus) europeus Pallas 
E. leporis Nieschulz, 1923 
E. magna Ferard, 1925 
E. septentrionalis Yakimoff et al., 1936 
E. stiedae (Lindemann, 1865) 
Reported by several authors. 
Lepus (Lepus) timidus Linnaeus 
The same species reported for L. (L.) europeus. 
Reported by several authors. 
Oryctolagus cuniculus (Linnaeus) 
E. exigua Yakimoff, 1934 
E. irresidua Kessel & Jankiewicz, 1931 
E. magna Ferard, 1925 
E. media Kessel, 1929 
E. perforans (Leuckart, 1879) 
E. stiedae (Lindemann, 1865) 
Reported by several authors. 
Sylvilagus ( Sylvilagus) audubonii valicola Nelson. 
E. stiedae (Lindemann, 1865) 
Reported by Jankiewicz (1941) 
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Sylvilagus ( Sylvilagus) brasiliensis minensis (Oldfield) 
E. paulistana Fonseca, 1932 
E. perforans (Leuckart, 1879) 
E. pintoensis Fonseca, 1932 
E. sylvilagi Carini, 1940 
Reported by Fonseca (1932-33) and Carini (1940). 
Sylvilagus ( Sylvilagus) florid.anus mearnsii (Allen) 
E. environ Honess, 1939 
E. maior Honess, 1939 
E. media Kessel, 1929 
E. media for honessi n. form 
E. minima n. sp. 
E. neoleporis Carvalho, 1942 
E. sylvilagi Carini, 1940 
Reported in the present paper. 
Sylvilagus ( Sylvilagus) nuttallii grangeri (Allen) 
E. environ Honess, 1939 
E. maior Honess, 1939 
E. media form honessi n. form 
E. stiedae (Lindemann, 1865) 
Reported by Honess (1939). 
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EXPLANATION OF PLATES 
All figures were drawn under oil immersion with the aid of a camera lucida. The 
projected scale has the value (in micra) indicated in each plate. ' 
PLATE I 
Fig.-l. E. magna Ferard, from the tame rabbit. 
2. E. stiedae (~indemann), from the tame rabbit. 
3. E. irresidtia Kessel & Jankiewicz, from the tame rabbit. 
4. E. media Kessel, from the tame rabbit. 
5. E. perfora.n; (Leuckart) , from the tame rabbit. 
6. E. exigua Yakimoff, from the tame rabbit. 
7. E. maior Ho'ness, from the Mearns cottontail. 
8. E. neolepor\ s Carvalho, from the Mearns cottontail. 
__, 9. E. sylvilagi Carini, from the Mearns cottontail. 
10. E. media form' honessi n. form, from the Mearns cottontail. 
11. E. enviro'n H6'ness, from the Mearns cottontail. 
12. E. minima' n.sp., from the Mearns cottontail. 
3. E. robertsoni Madsen, from the jack rabbit . 
........ 14. E. americana n.sp., from the jack rabbit. 
- 15. E. irresidua form campanius n. form, from the jack rabbit. 
16. E. sculpta Madsen, from the jack rabbit. 
7. E. septentrionalis Yakimoff et al., from the jack rabbit. 
18. E. leporis Nieschulz (redrawn after the original*). 
19. E. pintoensis Fonseca, (redrawn after the original*). 
20. E. paulistana Fonseca, (redrawn •after, the original*). 
*Not according to scale. 
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PART 1 
I 
PTERIDOPHYT A AND GYMNOSPERMAE (FERNS TO CONIFERS) 
INTRODUCTION 
Few people realize the importance or the size and extent of Alaska. 
The region was originally considered most valuable for its furs, but 
fisheries and mining have long surpassed furs in value. Approximately 
60 per cent of all the salmon canned in the whole world are caught in 
Alaskan waters, in addition to several million dollars worth of other 
fish and fish products. About $25,000,000 in gold was produced in 1941 
beside lesser values of many other mineral products. The value of Alaska 
in the defense of the United States is now beginning to be realized. 
The actual area of Alaska is nearly 587 ,000 square miles which is 
more than twice that of Texas and ten and a half times that of Iowa. 
It extends from 130 degrees west longitude to 173 degrees east longitude 
or about the same as from Eastport, Maine to the Pacific coast of Oregon. 
Due to the actual length of degrees decreasing from the Equator to the 
Poles the actual distance in miles is about that from Savannah, Georgia, 
to Los Angeles, California. Point Barrow is about the same latitude as 
North Cape, Norway, and is about 20 degrees north of the middle Aleutian 
Islands. This distance is about the same as that from the Canadian 
border north of western Minnesota to the mouth of the Brazos River 
south of Houston, Texas. It may surprise many to learn that the middle 
Aleutian Islands extend about 3 degrees farther south than southeastern 
Alaska, and cut across the great circle route from Seattle or Vancouver 
to Yokohama. 
Naturally in such an extended area climate varies. The Pacific Coast 
districts are characterized by mild winters and cool summers. Zero 
temperatures are rare and in some places unknown, while the average 
summer temperatures are between 50 and 60° F. Precipitation is heavy, 
and there is much cloudy weather. The eastern part of this region, from 
Cook Inlet eastward, is largely covered by a heavy forest growth, some 
trees reaching very large size. Along the Alaska Peninsula and the 
Aleutian Islands, summer conditions are unfavorable to tree growth, 
probably due to the excessively cool summers. 
[137] 
Stations where intensive collections were made by the author. 
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Following up the Bering Sea Coast we have a tundra-like formation 
merging into the true tundra farther north. These formations are tree-
less, covered in summer with a growth of low shrubs, grasses and sedges 
with intermixture of other herbaceous plants. In the true tundra the 
soil is permanently frozen, thawing a few feet at the surface each 
summer. The woody growth on these so-called barren lands consists 
mostly of dwarf birches, willows, and members of the Heather-Famlly. 
The interior districts are characterized by short, warm summers 
and long, cold winters. Summer temperatures are higher than in the 
coast districts, and the precipitation is comparatively light with long 
hours of sunshine. January temperatures in most places average below 
zero Fahrenheit. This region is largely covered by forest of moderate 
growth. Some limited districts, such as the head of Lynn Canal and 
Cook Inlet with the Matanuska Valley have climatic conditions inter-
mediate between those of the coast and the interior. 
From what has been said, it can be perceived that there are three 
main types of vegetation in Alaska: 1. The heavily forested central and 
eastern Pacific Coast districts dominated by Sitka spruce and western 
hemlock. 2. The more lightly forested districts of the interior char-
acterized by birches and white spruce. 3. The tundra and tundra-like 
districts of the Alaska peninsula, Aleutian Islands, Bering Sea littoral 
and Arctic slope. This latter type is also found in the other regions above 
timberline on the mountains, the alpine meadows occurring at succes-
sively lower altitudes until they meet the tundra. In types 1 and 2 are 
found muskeags or peat bogs. These are areas of a few square meters up, 
characterized by a surface covering of sphagnum moss underlaid with 
moss and other vegetation in various stages of decay, merging gradually 
into black muck, and the whole saturated with water. This mass of 
water-logged material may vary from less than 1 meter to many meters 
in depth. The surface usually is dotted with small ponds, and growing in 
the moss are very much stunted trees and characteristic shrubs and 
other plants, the whole having somewhat the appearance of tundra. 
On February 1, 1914, the author started for Alaska. This was 
destined to be his home until October 1, 1941. The years 1914-16 were 
passed in Sitka as Horticulturist for the United States Agricultural 
Experiment Station. In 1917 he removed to Juneau and engaged in 
commercial floriculture under the title of Juneau Florists. In 1937 this 
business was sold with the idea of devoting more time_ to_.a_.study_ of the 
plant life of Alaska. 
Having always been interested in plant life the author proceeded 
to collect the flora of the country as circumstances permitted. In 
November, 1924, the entire collection of more than . 3,300 numbers was 
destroyed by fire. Some of these numbers were represented by speci-
mens in the U.S. National Herbarium and elsewhere, but many were not. 
In 1925 a new collection was started which now numbers nearly 8,000; 
this, together with exchanges and specimens sent in by friends, brings 
the total of Alaska specimens in this herbarium ··up to about 10,000. 
140 J. P. ANDERSON 
This collection is now permanently deposited at the Iowa State College 
of Agriculture and Mechanic Arts at Ames. 
Besides places where residence was maintained, collections have 
been made at the following places: Ketchikan, Craig, Hyder, Skagway, 
Chitina, Valdez and along Richardson Highway to Fairbanks, Fairbanks 
and along Steese Highway to Circle, Franklin in the Fortymile district, 
Seward and other places on Kenai Peninsula, Matanuska Valley, 
Talkeetna, Healy, Manly Hot Springs, Wiseman, Takotna, Unalaska, 
St. Paul Island, Nunivak Island, St. Matthew Island, St. Lawrence 
Island, St. Michael, Stebbins, Unalakleet, Elim, Golovin, Nome, Teller, 
Cape Prince of Wales, Deering, Kotzebue, Kivelina, Point Hope, Cape 
Lisburne, Point Lay, Wainwright, and Barrow. Also fewer numbers 
were collected at other places and, by ex'change and gift, specimens 
were obtained from places not visited by the author, especially from 
Mt. McKinley National Park and the Aleutian Islands. 
Most of the literature dealing with the plants of Alaska is widely 
scattered in many publications, and at that is useful mostly to the 
professional botanist and not to the amateur. For this reason the author 
for some years has cherished the idea of writing a descriptive manual 
that, though scientifically accurate, would be so written that it would 
be of maximum usefulness to all persons interested in the flora, even 
though their botanical training was rather limited. The author has 
found many such persons, both among the permanent residents and 
among the tourists, who visit the territory every summer during normal 
times. 
The author is not the only person working on the flora of Alaska. 
Dr. Eric Hulten of the Botanical Museum, Lund, Sweden, who is prob-
ably the world's foremost authority on arctic and boreal plants in general, 
in. 1930 issued a "Flora of Kamtschatka" and in 1937 a "Flora of the 
Aleutian Islands." These are very good in listing the known species, 
presenting data on collections and giving useful comments, but contain 
no keys or descriptions, except of new species or varieties. Dr. Hulten 
is now at work on the "Flora of Alaska and Yukon," and the first part 
listing ninety-one species has been issued. This is on the same plan as 
his other publications listed above but does contain keys to the species 
but not to the families or genera. The author has consulted these works 
of Dr. Hulten and places much reliance on them. In addition, leading 
American manuals have been freely consulted. also papers on special 
groups in leading scientific publications, and lists of plants made by 
various collectors in Alaska. 
Although the author's primary interest is in Alaska, species known 
to occur in adjacent parts of Canada are included. This additional area 
is Yukon Territory and the extreme northwestern part of British 
Columbia. These regions belong to the same floral provinces, and nearly 
all form a part of the Yukon River drainage system. The entire area 
covered is more than 800,000 square miles. 
This manual aims to include all species of vascular plants known to 
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occur within the geographical limits covered. In such a vast region, so 
sparsely settled, there remain large districts in which there has been 
no botanical collecting. Even in places where considerable collections 
have been made, other species may be found. The author collected in 
the vicinity of Juneau for many years, and every season when consider-
able scouting around was possible, species not before noted in the region 
were found. It is evident, therefore, that many more species will be 
found as further collections and studies are made. However, enough 
is known to give a good general idea of the flora and to include all the 
more common and widely distributed species. 
The arrangement of the families in this manual is that usually 
followed in American descriptive manuals and the herbaria of the 
country, although it does not always reflect the true relationships. 
The nomenclature followed is that known as the International Rules. 
The original rules as adopted in 1905 have been greatly modified and 
modernized by International Botanical Congresses since that time and 
are now generally used by American botanists. The synonyms as given 
are not complete, but include only those used in publications relating 
to Alaska or in American or Canadian descriptive manuals. Further, all 
names given are not necessarily synonymous, but the species may have 
been reported under that name due to error in determination, hence 
a synonym only in that sense. 
Unless otherwise noted all illustrations were made .by the author 
and are based on material collected in Alaska. The aim has been to 
make them as true to nature as possible and to bring out the differences 
between the species more clearly than short descriptions make possible. 
In giving the range of a species the abbreviations of the states and 
Canadian provinces are those in general use. Circumboreal does not 
mean that the distribution is necessarily continuous around the northern 
regions, for many species have breaks in this continuity of occurrence. 
They do, however, occur in some part of North America, Europe, and 
Asia. 
Measurements are given in the metric system. The following are 
the approximate equivalents in inches; 25 millimeters (mm.) equals 
1 inch, 1 decimeter (dm.) equals 4 inches, 1 meter (m.) equals 39.37 
inches. 
As the completion of this manual will require several years, it has 
been thought best to publish it in parts as ready, so as to make such parts 
available to interested parties at once. This is all the more desirable as 
alJ. published American manuals combined do not even mention some 
of the species occurring in Alaska, especially the western part of the 
territory. 
Index and other accessory material will accompany the completed 
manual. 
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PHYLUM PTERIDOPHYTA 
Plants containing woody and vascular tissues in the stem and 
producing spores which give rise to small, inconspicuous growths known 
as prothallia (gametophytes), on which the archegonia (female organs) 
and antheridia (male organs) are borne. The fertilization of an 
archegonium by a spermatozoid from an antheridium results in the 
lar.ge.eoESp.i.Guousplant we call a fern, a horsetail or a· club-moss. 
Known living species number about 7,000, three-fourths of them 
tropical. They appeared early in geological history, and were the pre-
dominant type of vegetation during the Carboniferous times, fossil 
forms often being found in connection with coal beds. This was prob-
ably about 250 million years ago. 
lA. Spores produced in sporangia, which are borne on the back of the 
leaf, in spikes or panicles .. .... ........ ....... .... .... ... ......... .... . Order 1. Filicales 
lB. Vernation erect or inclined, sporangia in spikes or panicles. 
.. . . . . .. . . . . .. .. . . . . . .. . . . . . . . .. . . . . . . . . . . . . .. .... .... .. . . Family 1. Ophioglossaceae 
2B. Vernation coiled, sporangia reticulated .... .... .............. ... .. ... ..... . 
...... ... ..... ... .. . ...... .......... ... ............ . ...... Family 2. Poly,podiaceae 
2A. Spores produced in sporangia, which are clustered underneath 
scales in a terminal conelike spike .. .. .. ..... . Order 2. Equisetales 
One family ........................... ... ... .... ... ... . Family Equisetaceae 
3A. Spores produced in sporangia, which occur in the axils of scalelike 
or tubular leaves ........................ .. .. ............... Order 3. Lycopodiales 
lB. Spores all of one size ..... .. .. ... ..... Family 1. Lycopodiaceae 
2B. Spores of two sizes: 
lC. Leaves scalelike . .. ..... ... .... .. Family 2. Selaginellaceae 
2C. Leaves tubular. ..... .... ... ... ... Family 3. Isoetaceae 
OPHIOGLOSSACEAE (Adder's-tongue Family) 
More-or-less succulent plants with fleshy rhizomes and stems bearing 
a leaf and one or more stalked spore-bearing spikes or panicles (sporo-
phylls). Leaves simple or usually compound, not coiled in vernation, 
sporangia bivalvular, formed from the interior tissues of the sporo-
phylls; prothallia subterranean, without chlorophyll. 
Veins reticulate; sporangia in a spike . ... ........ .. ... .... ...... 1. Ophioglossum 
Veins. . fr.ee~ . leaves pinnatifid to tripinnate; 
sporangia in panides .......... .... ........................................... 2. Botrychium 
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1. OPHIOGLOSSUM (Tourn.) L . 
Small herbaceous perennials with short, usually erect, fleshy sub-
terranean rhizomes. Leaves erect, glabrous, fleshy, arising at the side 
of the apical bud; sterile blade simple, sessile or short-stalked, with 
reticulate venation; sporophyll a simple, slender, long-stalked spike; 
the large globose sporangia marginal in two ranks, transversely dehiscent. 
(Greek, tongue of a snake, alluding to the sporophyll.) 
0. vulgatum L. Adder's-tongue 
Fronds usually solitary, 1-4 dm. tall; sterile blade usually sessile, 
lanceolate to spatulate or ovate, 2112-12 cm. long X 1-5 cm. broad; spike 
2-4 cm. long X ll/z-31h mm. wide, apiculate; sporangia 10-30 pairs. Our 
plant differs from the type in its large, thin, ovate, very distinctly veined 
sterile blade. It was described by E.G. Britton as 0. alaskanum and may 
be regarded as a variety of the circumboreal 0. vulgatum. It has been 
twice collected at Unalaska. 
2. BOTRYCHIUM Sw. 
Rootstock short, erect, with fleshy clustered roots, the bud for the 
succeeding season's frond embedded in the base of the stem; the blade 
pinnately or ternately compound; veins free, forking; the sporophylls 
pinnate to tripinnate with sessile, distinct sporangia on either side of its 
branches, forming large panicles in some species. (N~me in allusion to 
the grape like arrangement of the sporangia.) 
lA. Sterile blade once to twice pinnate. 
lB. Segments reniform or fan-shaped ................ . 1. B. lunaria 
2B. Segments rounded. . ..... .. ........ ..... ..... ... .. ... .......... 2. B. boreale 
3B. Segments acute . ............ ..................................... . 3. B. lanceolatum 
2A. Sterile blade thrice pinnate. 
lB. Sterile blade long-petioled, arising from the base of the plant. 
... .................... ............. .......... .. .... ........ ... ............. 4. B. silaifolium 
2B. Sterile blade sessile or nearly so, affixed to middle of the plant . 
..... .... ... .... ...... .. ................... ............. .. ........... .. ..... 5. B. virginianum 
1. B. 'lunaria (L.) Sw. Moonwort 
Fleshy, 4-30 cm. tall; sterile leaf-blade nearly sessile, borne about 
the middle of the plant, simply pinnatifid, the segments lunate or fan-
shaped, entire or crenulate or even incised, often imbricate; sporophyll 
bent down in vernation, at maturity erect and surpassing the sterile 
blade; panicle 1- 3 times pinnate. A circumboreal species occurring in 
Alaska from about the Arctic circle southward. (Fig. 1.) 
2. B. boreale (Sw.) Milde. Northern Grape-fern 
Fleshy, 4-25 cm. tall; sterile leaf nearly sessile, borne above the 
middle of the plant, triangular in outline, obtuse, pinnatifid, with the 
lower divisions crenately incised, all divisions crenate and often imbri-
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cate; sporophylls much as in B. lunaria. A form found at Unalaska has 
been described as var. obtusilobium Rupr. Circumboreal, in Alaska 
from Wiseman southward. (Fig. 2.) 
3. B. lanceolatum (S. G. Gmel.) Angstr. Lance-leaved Grape-fem 
Fronds 5--20 cm. tall; common stalk long; sterile leaf sessile, tri-
angular, acute, 1-6 cm. long X 1-8 cm. wide, once or twice pinnately 
divided, the primary divisions ovate-lanceolate; sporophylls sessile or 
short-stalked, forming a diffuse panicle, the larger divisions ascending 
and often subequal. Arctic-alpine situations, Unalaska eastward. Cir-
cumboreal. (Fig. 3.) 
4. B. silaifolium Presl. Leathery Grape-fern 
B. multifidum (Gmel.) Rupr. var. robustum (Rupr.) · C. Chr. 
Fronds 1-6 dm. tall, fleshy, coriaceus in drying; sterile leaf long-
stalked, broadly triangular or pentagonal in outline, 10-30 cm. broad 
and about as long, subternately compound, the primary divisions 1-3-
pinnately divided, the ultimate segments ovate or rhomboid, crenulate, 
obtuse; sporophyll long-stalked with diffuse panicle. Known from the 
Aleutian Islands and southeastern Alaska thence to Quebec.-Pa.-Wis. 
-N. Calif. (Fig. 4.) 
5. B. virginianum (L.) Sw. Virginia Grape-fern 
Fronds 1-7 dm. tall; stalk slender; sterile blade sessile or nearly so, 
spreading, thin and membranous, deltoid, 4-21 cm. long X 5--36 cm. 
wide, the ultimate divisions variously toothed or lobed; sporophyll long-
stalked, 2-3-pinnate. Isolated and rare in southwestern Alaska. Occurs 
B.C.-Lab.-Fla. Also in Eurasia, Brazil, and Mexico. 
POLYPODIACEAE (Fern Family) 
Leafy plants with the rootstocks horizontal, often elongated, or 
shorter and oblique or erect, often stout; the leaves (fronds) coiled in 
the bud. Sterile fronds leaflike; fertile fronds (sporophylls) leaflike or 
more or less modified, bearing the sporangia on their lower surface or 
at their margins, usually in clusters (sori) ; sori naked or usually cov-
ered, especially when young, by a membrane (indusium); sporangia 
stalked, furnished with an incomplete ring of thickened cells (annulus), 
opening transversely; prothallia green, above ground. 
lA. Sterile and fertile fronds different, pinnae of fertile fronds contracted. 
lB. Fertile fronds simply pinnate. 
lC. Sterile fronds simply pinnate. ... .... ... ....... . 1. Blechnum 
2C. Sterile fronds with pinnatifid pinnae. .... 2. Struthiopteris 
2B. Sterile and fertile fronds bi pinnate. ..... ......... 3. Cryptogram ma 
2A. Sterile and fertile fronds similar. 
lB. Sori marginal, the indusia formed wholly or in part by the 
r evolute leaf margins. 
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lC. Sori distinct, on underside of reflexed leaf-lobes .. ... ... ... ..... .. .. . 
... .... .. ..... ... ... .... .. .... ..... .. ... ... .... ... ...... ........... .... .... 4. Adiantum 
2C. Sori continuous or confluent. .......... ...... .. 5. Pteridium 
2B. Sori dorsal on the veins. 
lC. Sori roundish. 
lD. Sori naked . ...... .... ... ... ..... .... ....... .. ... ..... 6. Polypodium 
2D. Sori with wholly or partly inferior indusia. 
lE. Indusia wholly inferior, the divisions stellate or 
hairlike . .... .. .. .... .... ... .. ......... ... ... ...... 7. Woodsia 
2E. Indusia hood-shaped, attached at side, early 
deciduous. ... ... ......... . .. .. .. .. .. ... .. . ... .. . 8. Cystopteris 
3D. Indusia superior. 
lE. Indusia peltate, centrally attached. . ......... ... .... ....... ... . 
.. ..... ... .. .. .. .... .. ... ... ... ...... ..... ....... .. .. ...... 9. Polystichum 
2E. Indusia orbicular-reniform, attached at the sinus . 
.... ... .... ... .. ... .. ... ..... .... ........ .... . .... ...... .... .. ... ...... ... .. 10. Dryopteris 
2C. Sori oblong. 
lD. Sori straight or slightly curved, fronds evergreen ....... . . 
.... .... .. .... .. ... .. .... ..... ... ... . .. .... ... . .. .. ... ..... . .. .... 11. Asplenium 
2D. Sori usually curved, fronds herbaceous . .. ....... .. ... .. ...... ... . 
..... . ..... . .. ... .... ..... ... .... ... .. ... ... .. .... ... ...... .. ..... 12. Athyrium 
1. BLECHNUM (L.) With. 
Our species is a woodland fern with woody rootstock and fronds of 
two kinds, both with pinnate or pinnatifid blades. Sori in a continuous 
band next to the midrib, covered by a continuous membranous indusium 
arising under the margin of the pinna; indusium often lacerate, often 
reflexed at maturity. (Greek for some fern.) 
B. spicant (L.) J. E . Smith. 
Lomaria spicant (L.) Desv. 
Osmunda spicant L. 
Struthiopteris spicant (L.) Weis. 
Deer-fern 
Sterile fronds numerous, in · a circular crown, evergreen; 2-10 dm. 
long; stipe rather short, brownish; blades linear-lanceolate, attenuate to 
both ends, cut to the rachis into linear, falcate segments, those near the 
base mere auricles, the segments entire or finely crenulate toward the 
apex; fertile fronds few , central, erect, 4-15 dm. long, with long reddish-
brown stipes; blades pinnate, the pinnae narrowly linear. 
Known from Atka and Kodiak Islands and common in the coast 
region from Cook Inlet eastward and extending to California. Also in 
Eurasia. (Fig. 5.) 
2. STRUTHIOPTERIS Scop. 
Coarse ferns with the fertile fronds rolled into necklace-like or 
berry-like segments and unlike the foliaceous sterile ones; sori round, 
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borne on the back of the veins; indusium delicate, fixed at the inferior 
side of the sorus. (Name from struthio, ostrich; and pteris, fern.) 
S. filicastrum All. 
Matteucia struthiopteris (L.) Todoro. 
Onoclea struthiopteris (L.) Hoffm. 
Pteretis nodulosa (Michx.) Nieuland. 
Ostrich-fern 
Rootstock stout, bearing a circle of sterile fronds with fertile ones 
in the center; sterile fronds up to 2 meters tall, narrowed at the base, 
pinnate, the pinnae once pinnatifid, 5-18 cm. long; fertile fronds shorter, 
with rigid upcurved, necklace-shaped pinnae; veins pinnate, free, simple; 
texture firm. 
Woods; central and southern Alaska, especially abundant along the 
Alaska railroad from Talkeetna to north of Curry. Distribution cir-
cumboreal. (Fig. 6.) 
3. CRYTOGRAMMA R. Br. 
Small ferns of rocky situations with dimorphous, tufted, 2-3-pinnate 
fronds. Sterile fronds foliaceous, with numerous, crowded, rather small, 
obtuse segments; sori in a continuous line at the free ends of the forked 
veins, confluent; indusia formed of the revolute, modified margins of the 
segments, which later open out. (Greek, in allusion to the hidden sori.) 
Rootstock stout, short. ...................................................... 1. C. acrostichoides 
Rootstock slender, creeping ........................ ...... ~ .............. 2. C. stelleri 
1. C. acrostichoides R. Br. Parsley-fern 
Rhizome in massive tufts, chaffy; fronds numerous, the fertile 1-3 
dm. long, erect, long-stalked, overtopping the short-stalked sterile ones; 
sterile blades ovate to ovate-lanceolate, the ultimate segments suboval, 
obtuse, serrulate; fertile segments elliptical or linear, 6-12 mm. long, 
about 2 mm. wide. Considered by some botanists as only a variety or 
subspecies of the Eurasian C. crispa (L.) R. Br. 
Pacific coast and Bering Sea regions of Alaska-Baffin Bay-Colo.-
Calif. (Fig. 7.) 
The var. sitchense (Rupr.) C. Chr. is characterized by the broadly 
deltoid tripinnate sterile fronds with small, more deeply toothed seg-
ments. Same range. 
2. C. stelleri (S. G. Gmel.) Prantl. Slender Cliff-brake 
Fronds scattered, arising singly from slender creeping rhizomes; 
pinnae few, the lower ones usually pinnatifid; segments of the sterile 
blades ovate or obovate, crenately lobed; those of the fertile ones linear 
to lanceolate. 
East central Alaska-Lab.-Va.-Colo.-Wash. (Fig. 8.) 
4. ADIANTUM (Tourn.) L. 
Graceful delicate ferns of moist rocky woods and ravines with com-
pound fronds having segments in the form of small leaflets and with 
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dark-colored shining stipes. Sori marginal under the modified, sharply 
reflexed margins of the leaflets. (Greek, unwetted, in allusion to the 
leaflets repelling raindrops.) 
A. peclatum L. Maiden-hair Fern 
Rhizome thickish, chaffy with shining, dark, chestnut-brown scales; 
fronds 2-8 dm. long, forking into 4-8-pinnate divisions, the longer ones 
1-3 dm. long; segments very short-stalked, the lower margin formed by 
the midrib, the upper cut and toothed. 
Coastal districts of Alaska-N. S.-Ga.-Ark.-Calif.-Asia. The 
form on the Pacific coast from Japan to Alaska to Calif. and on the 
Atlantic coast from Newf. to Mass. has pinnules with longer stalks and 
the upper margin more deeply cleft. It has been described as the var. 
aleuticum Rupr. (Fig. 9.) 
5. PTERIDIUM Scop. 
Coarse ferns of open or partly shaded situations with woody, 
branched, wide-creeping rhizomes. Sporangia borne in a continuous 
line under the margin of the frond, occupying a veinlike receptacle con-
necting the ends of the veins; indusium double, the outer one formed by 
the reflexed margin of the frond, the inner delicate and minute. (Diminu-
tive of pteris, Greek name of ferns.) 
P. aquilinum (L.) Kuhn var. lanuginosum Bong. Western Bracken 
P. aquilinum (L.) Kuhn var. pubescens Underw. 
Stipe erect, stout, 15-100 cm. long; blades triangular or deltoid-
ovate, as long or longer than the stipe, subternately tripinnate, the 
lower divisions being bipinnate; segments variable, mostly oblong and 
entire, pubescent or strongly tomentose beneath, slightly hairy or glab-
rous above. 
Southeastern Alaska-Mont.-Mex. Entire species quite cosmo-
politan ir. distribution. (Fig. 10.) 
6. POLYPODIUM (Tourn.) L. 
Ferns of various habit, our species with creeping rootstock growing 
in moss. Fronds pinnately compound, usually articulated to the rhizome; 
sori round or elliptical, borne on the backs of the fronds, without 
indusia, veins free. (Greek, many and foot alluding to the knoblike 
prominences of the rhizome) . 
P. vulgare L. var. occidentalis Hook. 
P. glycyrrhiza D. C. Eat. 
P. falcatum Kell. 
Licorice-fern 
Rhizome hard, 3-5 mm. thick, covered with rusty-brown scales; 
fronds 1-6 dm. long, the stipe usually shorter than the blade, firm, 
naked; blades lanceolate, abruptly attenuate or caudate, pinnatisect; 
segments alternate, tapering from the middle or the base, serrulate; sori 
about midway between midrib and edge of the segments. 
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Common in the coastal districts and rare in the Yukon Valley, ex-
tending to California. Entire species circumboreal. (Fig. 11.) 
7. WOODSIA R. Br. 
Small ferns of rocky situations with densely tufted, pinnately com-
pound fronds and round sori borne on the back of the free veins. Indusia 
placed under the sporangia, thin and often evanescent, roundish or 
stellate, small and open, or bursting at the top into irregular segments. 
(Joseph Woods (1776-1864) was an English architect and botanist.) 
lA. stipe articulated near the base. 
lB. Fronds glabrous. . ... .................. .......................... 1. W. gLabella 
2B. Fronds with hairs or scales on the lower surface. 
lC. Primary segments about as broad as long ............................. .. 
.......................................................................... 2. W. alpina 
2C. Primary segments longer than broad .... 3. W. ilvensis 
2A. Stipe not articulated near the base . .. ......... ........... 4. W. scopulina 
1. W. glabella R. Br. Smooth W oodsia 
Fronds tufted, pinnate, 3-16 cm. long; stipes smooth, usually straw-
colored; pinnae deltoid to ovate, crenately lobed or parted, glabrous; 
indusia divided into narrow, hairlike, curving divisions. 
Moist rocks, in most parts of our territory. Circumboreal. (Fig. 12.) 
2. W. alpina (Bolton) S. F . Gray. Alpine Woodsia 
Rootstock short; fronds densely tufted, the blades narrowly lanceo-
late, 5-15 cm. long X 15-25 mm. wide; pinnae cordate-ovate to triangular-
ovate, pinnately 5-7-lobed, sparingly hairy; sori near the margins, the 
indusia cleft into numerous hairlike filaments. 
Moist rocks, of scattered distribution through most of Alaska and 
Yukon Ter. Circumboreal. (Fig. 13.) 
3. W. ilvensis (L.) R. Br. Rusty Woodsia 
Fronds tufted, lanceolate, 8- 20 cm. long; pinnae pinnately lobed, 
sparingly hairy above, hairy and with rusty chaff beneath; sori borne 
near the margins of the segments, somewhat confluent when old; indusia 
cleft into filiform segments. 
In most of Alaska south of the Arctic Circle. Circumboreal. (Fig. 14.) 
4. W. scopulina D. C. Eat. Rocky Mountain Woodsia 
Fronds numerous, borne close together, 6-35 cm. long, blades 
lanceolate, finely glandular-puberulent; pinnae oblong-ovate, deeply 
pinnatifid into 10- 16-toothed segments; indusia delicate, cleft into nar-
row, spreading, flaccid segments. 
Crevices of rocks, Kenai Penin. and southeastern Alaska-Calif.-
Utah-S. Dak. Isolated station in eastern America. 
8. CYSTOPTERIS Bernh. 
Ferns of rather thin texture, on slender stipes with 2-4-pinnate 
blades. Sori roundish, borne on the backs of the veins; indusia delicate, 
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hoodlike or flattish, attached at one side and partly underneath the 
sori, at first arched over them, later thrown back and withering, the sori 
then appearing naked. (Greek, bladder-fern.) 
Blades lanceolate, 2-3-pinnate . ........ ......... .. ....... ...... ........ 1. C. fragilis 
Blades deltoid, 3-4-pinnate. . ... .. ....... .... ........ ............... .... 2. C. montana 
1. C. fragilis (L.) Bernh. Fragile-fern 
Filix fragilis (L.) Gilib. 
Fronds somewhat clustered or slightly scattered; stipe slender, 
about as long as the blade, brittle, stramineous or brownish below; 
blades extremely variable, nearly or fully bipinnate; pinnae deltoid to 
lanceolate or ovate-lanceolate, acute to acuminate, narrowly decurrent on 
the rachis, the lower ones slightly reduced; the segments toothed or 
incised; veinlets excurrent to the marginal teeth; indusia convex, rounded 
or usually pointed, toothed or lacerate at apex. 
Common and very variable. The most widely distributed and cos-
mopolitan of all ferns. (Fig. 15.) 
2. C. montana (Lam.) Bernh. Mountain Cystopteris 
Filix montana (Lam.) Underw. 
Rhizomes slender, widely creeping; fronds scattered, stipe slender, 
blade often subternate, 3-4-pinnate, 5-15 cm. long and wide; lower 
pinnae much the largest; the pinnules pinnatifid to the winged rachis, 
the final segments oblong, deeply toothed or divided; indusia convex, 
acute, soon thrown back or withering. 
Bering Str. to Yukon Ter. Circumboreal. (Fig. 16.) 
9. POL YSTICHUM Roth. 
Ferns of rather firm texture, with pinnate or pinnately decompound, 
tufted fronds from the crown of the rhizome, the divisions with sharply 
toothed or spinulose margins (except in P. aleuticum); sori round, 
indusia peltate, attached by the middle, persistent to caducous; veins 
free. (Greek, many rows.) 
lA. Blades simply pinnate. 
lB. Low-grown, tissues thin. .. ......... ....... .... .... ..... ... 1. P. aleuticum 
2B. Taller, coriaceous, pinnae with spinulose teeth. 
lC. Fronds short-stalked, lower pinnae reduced. 2. P. lonchites 
2C. Fronds longer stalked, lower pinnae about as long as those 
above. ... ...... ..... ... ....... .... ........ .. ........ ... .... ...... . 3. P. munitum 
2A. Blades bipinnate. 
lB. First upturned secondary segment longer than the others ........... . 
...................... ............................................................. 4. P. andersoni 
2B. First upturned secondary segment not conspicuously longer 
than the others ... ..... ... ... .... .. ... ... ... ... ...... .... .......... 5. P. braunii 
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1. P. aleuticum C. Chr. Aleutian Shield-fern 
Fronds about 15 cm. tall, blades thin, pinnae not spinose or aristate 
and with the general appearance of W oodsia alpina. 
Known only from a single collection made on Atka island. 
2. P. lonchites (L.) Roth. Holly-fem 
Fronds rigidly ascending in a close crown, 1-6 dm. tall, bearing 
pinnae almost to the base, densely chaffy at base, lanceolate in outline, 
broadest near the middle; rachis more or less chaffy; pinnae numerous, 
close, densely spinulose-toothed, glabrous above, somewhat chaffy 
beneath; auricles on upper side, sori usually in two rows, indusia orbi-
cular, nearly entire. 
Woods, Pacific coast districts. Circumboreal. (Fig. 17.) 
3. P. munitum (Kaul£.) Presl. Dagger-fern 
Fronds growing in a crown, 3-15 dm. tall; stipes 5-60 cm. long, 
together with the rachis decidedly chaffy; blades lanceolate, narrowed 
toward the base; pinnae numerous, spreading, 2-14 cm. long, sharply 
and often doubly serrate, the serrations with spinesce~t, often incurved 
teeth; indusia papillose-dentate to long ciliate. 
In woods, southeastern Alaska-Mont.-Calif. (Fig. 18.) 
4. P. andersonii Hopkins. Anderson's Shield-fern 
Similar in appearance to P. braunii but the rachis with proliferous 
buds, the first upturned pinnule conspicuously larger than the next, and 
the base of the pinnules decurrent and connecting, the blade scarcely 
bipinnate. Indusia ciliate-erose. 
A rather rare woodland fern in southeastern Alaska and ranging to 
Mont. and Wash. 
5. P. braunii (Spenner) Fee. Prickly Shield-fern 
P. alaskense Maxon. 
Fronds in a crown, 2-6 dm. tall; stipe and rachis chaffy with both 
broad and narrow bright-brown scales; blades lanceolate, gradually nar-
rowed toward the base; pinnae numerous, lanceolate; segments ovate, 
oblique, spinulose-toothed, beset with long, soft hairs and scales; indusia 
orbicular, small, nearly entire. 
In woods, Pacific coast districts of Alaska. Circumboreal. (Fig. 19.) 
The form described as P. alaskense may be regarded as a variety. 
It has pinnules which are more cuneate at the base, more ellipsoid in 
form, and have a broader attachment at the base. 
10. DRYOPTERIS Adans. 
Aspidium Sw. in part. 
Mainly woodland ferns of upright growth; rhizomes various, fronds 
borne singly or in a crown, the fertile and sterile usually alike, 1-3-
pinnate or decompound; sori roundish, dorsal; indusia when present 
roundish-reniform, fixed at its sinus. (Greek, meaning oak-fern.) 
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lA. Blades long-stalked, triangular, fronds scattered. 
lB. Blades longer than broad, pinnate-pinnatifid. 1. D. phegopteris 
2B. Blades as broad as long, 2-3-pinnate. 
lC. Fronds glandless ............. ...... ... ... .. ... ... .... ...... 2. D. linnaeana 
2C. Rachis and lower surface glandular . ........ 3. D. robertiana 
2A. Blades clustered from short stout rhizomes. 
lB. Blades 1-2-pinnate. 
lC. Blades small, thick ............. ... ... ....... ..... .... ... .4. D. fragrans 
2C. Blades large, thin .......... ............... ... ... ...... .... 5. D . oreopteris 
2B. Blades 2-3-pinnate ........ ... .... ...... ..... .... ......... .. ..... . 6. D. austriaca 
1. D. phegopteris (L.) C. Chr. 
Phegopteris phegopteris (L.) Underw. 
Thelypteris phegopteris (L.) Slosson. 
Beech-fern 
Rhizome slender, wide-creeping; fronds scattered, 10-55 cm. long, 
the stipe usually longer than the blade, more or less scaly; blades tri-
angular, long-acuminate, sparingly hairy on both surfaces, especially 
on the veins; pinnae mostly closely adnate, horizontal, linear-lanceolate, 
pinnatifid; segments oblong, obtuse, entire or slightly crenate; sori sub-
marginal, naked. 
In woods, most parts of Alaska-Greenl.-Newf.-Va.-Ohio-
Wash. (Fig. 20.) 
2. D. linnaeana C. Chr. 
D. dryopteris (L.) Christ. 
Phegopteris dryopteris (L.) Fee. 
Thelypteris dryopteris (L.) Slosson. 
Oak-fern 
Rhizomes slender, wide-creeping; fronds scattered, erect, 1-6 dm. 
long; stipe slender, much longer than the blade, from a chaffy blackish 
base; blades deltoid, 8-25 cm. long and wide, subternate, the 3 primary 
divisions stalked, 1-2-pinnate, the larger pinnules pinnately lobed or 
divided; lobes oblong, entire to serrate-crenate; sori small, without in-
dusia; leaf tissue thin, glabrous. 
In woods, common in most parts of Alaska. Circumboreal. (Fig. 21.) 
3. D. robertiana (Hoffm.) C. Chr. Scented Oak-fern 
Thelypteris robertiana (Hoffm.) Slosson. 
Very similar to D. linnaeana in appearance but the stipe and blade 
bearing minute stalked glands. The lateral main divisions of the blade 
are also somewhat smaller in proportion. 
In woods, central Yukon River district. Circumboreal. 
4. D . fragrans (L.) Schott. 
D. aquilonaris Maxon. 
Aspidium fragrans (L.) Sw. 
Fragrant Shield-fern 
Rhizome chaffy with brown shining scales; fronds borne in a dense 
crown, 4-40 cm. long, aromatic; stipe short and with the rachis very 
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chaffy; blade lanceolate, narrowed toward the base, bipinnate; pinnae 
triangular-lanceolate, the segments oblong, obtuse, adnate-decurrent, 
dentate or nearly entire; nearly covered by the large sori; indusia very 
large, persistent, ragged, somewhat glandular. 
On rocks, Bering Sea-Wiseman-Matanuska east. Circumboreal. 
(Fig. 22.) 
5. D. oreopteris (Ehrh.) Maxon. Mountain Wood-fern 
Thelypteris oreopteris (Ehrh.) Slosson. 
Aspidium oreopteris (Ehrh.) Sw. 
Fronds in a crown, ascending, glandular, 4-11 dm. long; stipes short, 
stipe and rachis somewhat scaly; blades lanceolate, tapering below; 
pinnae pinnatifid, broadest at base, glabrous or nearly so above, some-
times short-hairy on the veins and midrib below; segments oblong, 
obtuse, subentire, the margins finely hyaline-papillose; sori rather small, 
submarginal; indusia round-reniform, toothed, deciduous. 
On mountain slopes, Pacific coast districts of Alaska. Circumboreal. 
(Fig. 23.) 
6. D. austriaca (Jacq.) Woynar. Sprc:ad·ng Wood-fern 
D. dilatata (Hoffm.) A. Gray. 
D. spinulosa (Muell.) Kuntze. 
Aspidium spinulosum var. dilatatum Hook. 
Rhizome chaffy; fronds in a crown, 3-12 dm. long, stipe stout, 15-50 
cm. long, chaffy with brownish, often darker-centered scales; blades 
triangular to ovate, acuminate, nearly or fully tripinnate; pinnae un-
equally ovate or triangular; pinnules lanceolate to oblong, the larger 
ones not decurrent, pinnate or pinnately divided; the ultimate segments 
pinnatifid or toothed; indusia glabrous or sparsely glandular. 
In woods, from Bering Sea east and south. Circumboreal. (Fig. 24.) 
11. ASPLENIUM L. 
Our species are small ferns of rocky ledges with simply pinnate 
leaves. Sori oblong or linear, oblique, borne on the veins; indusia 
straight or curved, attached by one edge, often nearly concealed by the 
sporangia at maturity. (Greek, alluding to the supposed medicinal 
properties.) 
Rachis dark brown, shining. . ..... .................... .. .... .... .. ...... 1. A. trichomanes 
Ra chis yellowish-green. . ........... .. ...... ....... .... .. .............. .... . 2. A. vi ride 
1. A. trichomanes L. Maidenhair Spleenwort 
Fronds tufted, 5-20 cm. long; stipes short; blades linear, somewhat 
narrowed toward base and apex; pinnae oval or oval-oblong, 3-8 mm. 
long, rigid, evergreen, sessile, the margins usually crenulate; indusia 
usually crenulate. 
Southeastern Alaska, rare. Circumboreal-Africa-Australia-
S. Am. (Fig. 25.) 
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2. A . viride Huds. Green Spleenwort 
Fronds tufted, 4-20 cm. long, laxly ascending; stipes 1-7 cm. long, 
reddish-brown at base only; blades linear-lanceolate, pinnae up to 25 
pairs, roundish-ovate to rhombic, obtuse, cuneate at base, the margins 
deeply crenate; sori at maturity becoming confluent, concealing the deli-
cate indusia. 
Pacific and Bering Sea districts. Circumboreal. (Fig. 26.) 
12. ATHYRIUM Roth. 
Medium to large ferns of upright habit growing in moist situations. 
Fronds usually large, long-stipitate, erect-spreading, ours 2-3-pinnate; 
veins free; sori dorsal, oblique to the midrib, oblong, or often crossing 
the vein and becoming horseshoe-shaped or roundish; indusia following 
the shape of the sori, attached along its length at the side next to the 
vein, delicate, sometimes minute or hidden. (Greek, shield-less, which 
seems hardly applicable.) 
Fronds bipinnate .... ... ......... .. .... .... ........ .. ................. .. ... ........ .!. A. filix-fem:na 
Fronds tripinnate or nearly so .. .... .. ... ..... .......... ................. 2. A. alpestre 
1. A. filix-femina (L.) Roth. Lady-fern 
A . filix-femina (L.) Roth. var. sitchense Rupr. 
A. cyclosorum Rupr. 
"Asplenium cyclosorum Rupr." (Henry's Flora of Southern B. C.) 
Rhizomes erect or ascending, stout; fronds closely clustered, up to 
2 m. long; stipes straw-colored, dark at base; blades lanceolate, attenuate 
toward both ends; pinnae linear to lanceolate, attenuate or acuminate, 
sessile; segments from crenate to incised or pinnatifid and dentate; sori 
oblong, linear or horseshoe-shaped; indusia subentire to toothed or 
ciliate. Our form is perhaps best classified as var. cyclosorum (Rupr.) 
C. Chr. 
Central Alaska and Bering Sea-Wash.-Ida. The entire species is 
circumboreal. (Fig. 27.) 
2. A. alpestre (Hoppe) Rylands. Alpine Lady-fern 
A. americanum (Butters) Maxon. 
Rhizomes short, stout; fronds in a crown, 2-9 dm. long; stipes short, 
sparsely scaly, straw-colored from a dark base; blades oblong-lanceolate, 
narrowed toward the base; pinnae triangular-lanceolate, their rachises 
very narrowly winged; pinnules stalked, somewhat obliquely incised, 
the lower pinnatifid or pinnate; segments sharply toothed; sori round, 
small; indusia minute and evanescent. The general appearance is quite 
lacelike. Our form differs somewhat from tlre old world form ·and is the 
var. americanum Butters. 
Alpine-arctic situations, southeastern Alaska-Calif. The entire 
species is circumboreal. (Fig. 28.) 
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3. EQUISETACEAE (Horsetail Family) 
Rushlike plants with perennial, blackish, creeping rhizomes and 
hollow, jointed, simple or often much-branched stems bearing toothed 
sheaths at the joints. Spores borne in a terminal cone formed of verticels 
of peltate bracts bearing on the under surface a few sporangia which 
open on the inner side; spores uniform, provided with 4 hygroscopic 
bands; prothallia minute, green, lobed. 
EQUISETUM L. 
The only genus. (Latin, Equus, horse; and setum, bristle.) 
lA. Stem annual, spike rounded at top, stomata scattered. 
lB. Stems of 2 kinds, the fe~tile ones appearing earlier than the 
sterile ones. 
lC. Fertile stem simple, soon withering ......... 1. E. arvense 
2C. Fertile stem later producing branches. 
lD. Branches simple . .. ... .. ....... .... ......... .. ... .. 2. E. pratense 
2D. Branches compound . .... .. ... ... ............. . 3. E. sylvaticum 
2B. Stems of one kind, branches simple or none. 
lC. Center cavity small. . .. ... .. ... ..... ..... ... .... ... ... . .4. E. palustre 
2C. Center cavity large ...... ....... .. ... ... ....... .... ... .... 5. E. limosum 
2A. Stems perennial, evergreen; spike with a rigid tip; stomata in 
regular rows. 
lB. Central cavity wanting, stems filiform . .......... 6. E. scirpiodes 
2B. Central cavity present. 
lC. Stems slender, 5- 10-grooved . .... ... .... .. ... .... 7. E. variegatum 
2C. Stems medium, 8-12-grooved. . ......... ...... 8. E. alaskanum 
3C. Stems stout, 16-36-grooved. . ... ... ... ......... . 9. E. hiemale 
1. E. arvense L. Common Horsetail 
Rhizome slightly angled, felted, tuber-bearing; fertile stems erect, 
light-colored, 5-25 cm. tall; sheaths pale, loose, with 8-12 brownish, 
lanceolate teeth; spike ovoid, peduncled; sterile stems erect to decum-
bent, 1-5 dm. long, 6-14-furrowed, the numerous branches in verticels, 
3-4-angled, solid; teeth of sheaths lanceolate, sharp-pointed. An extreme-
ly variable species. Seven varieties have been recognized in Alaskan 
material, but these do not seem to be permanent. 
Common throughout the territory. Circumboreal, N. and S. Africa, 
Canaries. (Fig. 29.) 
2. E. pratense Ehrh. Thicket or Meadow Horsetail 
Stems l l/2-4 dm. long with 8-12 ridges, the fertile developing a few 
branches, spreading in age, the sterile with numerous long, simple 
branches; sheaths green, loose, the teeth lanceolate with dark middle; 
branches 3-ridged; teeth of the sheaths deltoid; cone peduncled; rhizome 
solid, acutely angled. 
In woods, Bering Str. east and south. Circumboreal. (Fig. 30.) 
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3. E. sylvaticum L. Wood Horsetail, Bottle-brush 
Stems 1-5 dm. tall, 8-14-ridged, both fertile and sterile developing 
copious verticillate compound branches; sheaths loose, cylindrical or 
campanulate, the upper portion brown with more or less cohering teeth; 
primary branches 4-5-angled, the branchlets 3-angled, the sheaths with 
3 divergent teeth. 
In woods, Bering Str. east and south. Circumboreal. '(Fig. ·31:) 
4. E. palustre L. Marsh Horsetail 
Rhizomes without felt or tubers; stems 2-9 dm. long, slender, the 
5-10 angles of the stem with deep, winglike but rounded ridges; branches 
long, ascending, hollow, 5-7-angled; sheaths loose, widened upward, and 
the apices acute-subulate; spikes short-peduncled, terminating the stem 
with smaller ones terminating some of the branches. 
Wet places, Bering Str. east and south. Circumboreal. (Fig. 32.) 
5. E. limosum L. Swamp Horsetail 
E. fluviatile L. 
Stems 5-15 dm. tall, 4-8 mm. thick, 10-30-grooved, with large central 
cavity, often simple, but more usually sparingly branched above with 
spreading or more often upcurved, 4-6-angled, simple branches; sheaths 
appressed with blackish, narrow, distinct teeth; cones short-peduncled. 
In shallow water or swamps, Bering Sea east and south. Circum-
boreal. (Fig. 33.) 
6. E. scirpoides Michx. Little Horsetail 
Stems tufted, simple or branched from the base, prostrate . or weakly 
ascending, 5-15 cm. long, 6-ribbed by the deep grooving of the 3 angles, 
the ribs with a regular row of silica tubercles; sheaths loose, becoming 
black or dark brown, teeth 3, distinct, persistent, with a whitish border 
and a fragile subulate tip; cones 3-5 mm. long. 
Damp situations, from above the Arctic Cir~le southward. Cir-
cumboreal. (Fig. 34.) 
7. E. variegatum Schleich. Northern Scouring-rush 
Stems slender, tufted, 1-4 dm. long, 1-3 mm. thick, 5-10-grooved, 
the ridges bearing 2 lines of silica tubercles; sheaths loose, green below, 
dark above; teeth black with white border, persistent, with a filiform, 
deciduous tip; cones short-peduncled, 8-12 mm. long. 
Throughout most of Alaska. Circumboreal. (Fig. 35.) A very small 
scirpoides-like form is var. anceps Milde. 
8. E. alaskanum (A. A. Eaton), new comb. Alaska Scouring-rush 
E. variegatum var. alaskanum A. A. Eaton ex Gilbert.1 
Very similar to E. variegatum but much larger, growing up to at 
least 8 dm. long, the stems 2-4 mm. thick, 8-12-grooved. 
Alaska Range and Bering Sea to Wash. Dr. Hulten has suggested 
'Gilbert, B. D., List N. Amer. Pterid., p. 9, 1901. 
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that this type as well as similar forms elsewhere may have originated 
from the crossing of E. hiemale and E. variegatum. It is generally classi-
fied as. a variety of E. variegatum but it appears to be quite distin:::t. 
9. E. hiemale L. Scouring-rush 
Stems stiff, 5-15 dm. long, 5-10 mm. thick, unbranched, or with a 
few slender branches near the top, 16-36-ridged, rough with 2 rows of 
tubercles on the ridges; central cavity large; sheath with dark base and 
teeth with a light band between, the teeth adhering in groups by their 
pale, membranous margins; spike pointed, sessile or nearly so, 1-3 cm. 
long. Our form is the var. californicum Milde. which is more robust than 
the type. 
Aleutian islands and central Alaska-Calif.-N. Mex. The entire 
species is circumboreal. (Fig. 36.) 
4. LYCOPODIACEAE (Club- moss Family) 
Low, evergreen, often mosslike, usually trailing plants with erect 
or ascending fruiting branches. L eaves very numerous, usually stiff, 
imbricate, 1-nerved, lanceolate or subulate; sporangia in the axils of the 
ordinary leaves, or more often in spikes at the base of modified leaves 
(sporophylls); spores minute and all of one kind; prothallia fleshy, sub-
terranean. 
LYCOPODIUM L. 
Sporangia flattened, usually reniform, 1-celled; spores copious, sul-
fur yellow, inflammable. (Greek, wolf's foot.) 
lA. Sporangia in the axils of ordinary leaves, not in spikes . .... .... .. .. ........ .. .. 
................... .... ....... ............... .......... .... ....... ............ ...... .. .. .. .!. L. selago 
2A. Sporangia borne in the axils of bracts arranged in spikes. 
lB. Spikes borne on bracteate pedicels more than 2 cm. long. 
lC. Branches flat, leaves in 4 rows . .. ............ 2. L. complanatum 
2C. Branches terete, leaves in many rows . .. .. 3. L. clavatum 
2B. Spikes sessile or nearly so. 
lC. Aerial branches simple .............. ............... 4. L. inundatum 
2C. Aerial branches mostly branched. 
lD. Aerial branches treelike . ........... ....... 5. L. obscurum 
2D. Aerial branches not treelike. 
lE. Leaves 4-ranked . ............ ............ 6. L. alpinum 
2E. Leaves 5-ranked . .................... .. .. 7. L. sitchense 
3E. Leaves 8-ranked. . ... ...... ........ .... .. 8. L. annotinum 
1. L . selago L. Fir Club-moss 
L . porophilum Lloyd and Underw. 
Stem more or less curved below, erect or ascending above, 2-several 
times forked, forming tufts 3-20 cm. tall; leaves crowded, appressed or 
ascending, often spreading or reflexed near the base, narrowly triangular-
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lanceolate or subulate, acute, usually entire, those bearing sporangia 
slightly shorter; plant usually producing gemmae. Very variable, the 
shade forms being dark green; the alpine and arctic form (var. adpres-
sum Desv.) has closely appressed leaves and is yellowish-green in color. 
Moist, rocky situations, throughout our range. Circumboreal. (Fig. 
37.) 
2. L. complanatum L. Ground Cedar 
Main stem creeping on or slightly below the surface of the ground; 
aerial branches yellowish-green, 4-40 cm. tall, usually much branched, 
the branches flattened, glaucous, with minute, decurrent, 4-ranked 
leaves, the lateral broad, the upper narrow, incurved, the lower small; 
peduncle 1-10 cm. long, bearing 1-4 spikes, each 1112-4 cm. long; sporo-
phylls broadly ovate, acuminate, erose. 
Bering Sea and central Alaska east and south. Circumboreal. (Fig. 
38.) 
3. L. clavatum L. Running Pine 
Main stem creeping, often 1-3 m. long; ascending branches 4-35 cm. 
tall, pinnately branched; leaves crowded, about 1 X 4 mm., many-ranked, 
linear-subulate, incurved-spreading, entire or denticulate, mostly bristle-
tipped; peduncles 4-10 cm. long, branched at apex and bearing 2-4 spikes, 
the whorled or scattered bracts mostly bristle-tipped; sporophylls deltoid-
ovate, abruptly acuminate, usually bristle-tipped, the margins mem-
branous and erose. 
Coniferous woods, coastal districts. Circumboreal. (Fig. 39.) 
Var. monostachyon Grev. & Hook. has more incurved leaves about 
% X 3% mm. and with more persistent bristles; peduncles 1-5 cm. long, 
bearing a single spike. Found mostly in the interior but collected near 
Seward and Juneau in the coast region. This variety is quite distinct so 
far as Alaska material is concerned, but there are connecting forms 
found elsewhere. 
4. L. inundatum L. Bog Club-moss 
Plants small with simple or 1 or 2-forked, short-creeping leafy stems; 
fertile sterns erect, 1-8 cm. tall; leaves of the creeping stems linear-lanceo-
late and upcurved; leaves of the ascending branches spreading; spike 
solitary; sporophylls similar to the leaves but with wider ovate base, 
spreading, usually entire. 
Growing in mud, Wrangell-Ore.-Newf.-N. J. Also in Europe 
and eastern Asia. (Fig. 40.) 
5. L. obscurum L. Ground-pine 
L. dendroideum Michx. 
Main stem creeping underground; aerial branches treelike, 10-35 
cm. tall with bushy branches; leaves 8-ranked on the lower branches, 
6-ranked on the terminal ones, narrowly lanceolate, spreading but curved 
upward and usually twisted, acute or rnucronate; sporophylls broadly 
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ovate, abruptly acuminate, with scarious, erase margins. Our plant is 
usually classified as var. dendroideum (Michx.) D. C. Eat. 
Woods, Alaska distribution scattered, Aleutian Islands, central and 
southeastern Alaska-Baffinland-Ala.-S. Dak.-Wash. Much used 
by florists. (Fig. 41.) 
6. L. alpinum L. Alpine Club-moss 
Main stem creeping on or near the sudace of the ground, aerial 
branches ascending, 2%-11 cm. tall, repeatedly branched, the sterile 
branches fiat with 4-ranked leaves; fertile branches terete with subulate 
leaves; spikes sessile or nearly so; sporophylls ovate, acute, erase; spores 
reticulated. Alaska material approaches L. complanatum on one hand 
and L. sitchense on the other. 
Seward :geninsula east and south. Circumboreal. (Fig. 42.) 
7. L. sitchense Ru pr. Alaska Club-moss 
L. sabinaefolium Willd. var. sitchense (Rupr.) Fern. 
Main stem creeping on or near the surface of the ground, aerial 
branches several times dichotomous, forming compact tufts 4-8 cm. tall 
with longer projecting fertile branches; branches terete; leaves of the 
branchlets 5-ranked, appressed or somewhat spreading, linear, thick, 
entire, acute; spikes usually sessile, sometimes short-stalked; sporophylls 
broadly ovate, long-acuminate or subulate, greenish, with scarious, more-
or-less erase margins. 
Alaska-Lab.-N. Y.-Ore. (Fig. 43.) 
8. L. annotinum L. Stiff Club-moss 
Main stem creeping on or in moss, up to 4 m . in length; aerial 
branches 4-35 cm. tall, usually forked 1-4 times; leaves linear-lanceolate, 
usually serrulate, tipped with a rigid point, spreading or rarely reflexed, 
upcurved at apex; sporophylls broadly ovate, abruptly acuminate-
attenuate. The var. pungens (LaPylaie) Desv. is an arctic-alpine form 
with small, entire, very acute, curved ascending leaves. 
W'oods, bogs, and alpine meadows, southward from about 68 degrees. 
Circumboreal. (Fig. 44.) 
5. SELAGINELLACEAE (Little Club-moss Family) 
Small, leafy, mosslike plants with branching, often prostrate stems 
and scalelike, 4-6-ranked leaves. Sporangia solitary in the axils of leafy 
bracts, some containing small, pollen-like spores (microspores), others 
containing large spores (macrospores) with a roundish base and a triangu-
lar-pyramidal apex. 
SELAGINELLA Beauv. 
Characters of the family. (Diminutive of Selago, ancient name of 
some Lycopodium) . 
Bracts .thin,. spreading, similar to the leaves . .. ... .. .. ... .... 1. S. selaginoides 
Bra~ts broader, in quadrangular spikes . ........ .. ..... ... ... . 2. S. sibir:ca 
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1. S. sela,ginoides (L.) Link. Low Selaginella 
Sterile stems prostrate, soft and usually slender, the fertile erect or 
ascending, 3-8 cm. tall; leaves lanceolate, acute, spreading, sparsely 
spinulose-ciliate, those of the spike longer, ascending, strongly ciliate; 
macrospores large, individually visible to the naked eye. 
Aleutians, Bering Str., and Wiseman southward and eastward. Cir-
cumboreal. (Fig. 45.) 
2. S. sibirica (Milde) Hieron. Northern Selaginella 
S. schmidtii Hieron. 
Stems creeping and rooting, forming a dense mat; fertile branches 
ascending or erect, 1-5 cm. tall; leaves densely imbricated, those of the 
stem linear-oblong, stiff, about ll/2 mm. long with deciduous apical awns 
about 112 mm. or more long, the margins minutely ciliate; spikes sharply 
4-angled, about 1112 mm. thick, the bracts ovate-lanceolate, about 2 mm. 
long, with short awn. 
Dry rocky situations, interior Alaska and Yukon. Also eastern Asia. 
(Fig. 46.) 
6. ISOETACEAE (Quillwort Family) 
Small aquatic or marsh plants with short cormlike stem and many 
crowded subulate or nearly filiform leaves bearing sporangia embedded 
in their bases. Spores of two kinds; the inner sporangia bearing the 
microspores, the outer leaves enclosing sporangia with macrospores. 
ISOETES L. 
The only genus. (Greek, equal at all seasons.) 
I. bra,unii Durieu. Braun's Quillwort 
I. braunii Durieu var. maritima (Underw.) Pfeiff. 
I. echinospora Durieu var. 'truncata Eaton. 
Leaves 7-20, erect or spreading, tapering, 21/2-5 cm. long; macro-
spore nearly 112 mm. in diameter, densely covered with broad, often retuse 
spinules; microspores smooth. 
Coastal districts, Aleutians to southeastern Alaska-Greenl.-N. J. 
-Colo.-Calif. (Fig. 47.) 
PHYLUM SPERMATOPHYTA (Seed-bearing Plants) 
Plants producing seeds containing young plants in a dormant condi-
tion. until germination. This seed is the result of the fertilization of the 
egg-cell of the ovule by a sperm-cell from a pollen-grain. The grains 
of pollen correspond to the microspore of the heterosporous Pteridophytes 
while the macrospore is contained within the ovule. 
There are probably 150,000 species in existence, and they form the 
predominant vegetation of the present geological epoch. The diversity 
and number of species grow progressively greater from the polar re-
gions to the tropics. 
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Ovules and seed borne on the face of a scale, not enclosed ............... ... ........ .. 
....... .............. .. ... ............. .................................................. Class 1. Gymnospermae 
Ovules and seed contained in a closed cavity (ovary) ................................... . 
.... ......................... ..... ....... ..... .... ................... .... .......... ... ... Class 2. Ang:ospermae 
CLASS 1. GYMNOSPERMAE 
Ovules naked, borne on the fl.at surface of a scale which does not 
infold to form an ovary, such scale sometimes apparently wanting. Pollen 
grains dividing at maturity into two or more cells, one of which gives 
rise to the pollen-tube. 
An ancient group which reached its peak in the Triassic geological 
time; now represented by scarcely 500 species of wide geographic dis-
tribution, some of which are of great economic value. Most of the lumber 
used by mankind is furnished by trees of this group. Only one order 
(Coniferales) of this class is represented in our area. There are two 
families. 
Ovulate flowers without carpellary scales . ........ ........ .... . Fam. 1. Taxaceae 
Ovulate flowers with carpellary scales ............. ...... ...... .. Fam. 2. Pinaceae 
1. TAXACEAE (Yew Family) 
Evergreen trees or shrubs with linear leaves and dioecious flowers 
which are axillary and surrounded by bud-scales; the staminate globu-
lar, and formed of a few naked stamens; the fertile consisting of an erect 
ovule developing a fleshy coating. 
TAXUS (Tourn.) L . 
Branches horizontal or drooping with linear or lanceolate, fl.at, 
keeled leaves, revolute on the margins, and persisting 4-5 years. (The 
classical name.) 
T. brevifolia Nutt. Western Yew 
In Alaska reduced to a small tree or shrub not over 10 m. tall. 
Leaves yellowish-green, 12-16 mm. long, 1- 2 mm. wide, acute, 2-ranked. 
by a twist of the flattened and decurrent petiole; fruit red, drupelike. 
Extreme southeastern Alaska-Mont.-Calif. 
2. PINACEAE (Pine Family) 
Resinous trees or shrubs with linear, needle-like or scalelike leaves. 
Flowers usually monoecious, in scaly aments, the fertile ones becoming 
cones or berry-like; ovules 2 or more at the base of each fertile scale. 
All are evergreen except Larix. Our species naturally fall into two 
groups or subfamilies. 
lA. Scales of the fertile cones few, opposite (Cupresseae). 
lB. Fruit berry-like ................. ........... ... ..... .. ...... .. ... ... 1. Juniperus 
2B. Fruit a cone. 
lC. Cone ovoid, its scales oblong .......... .. .......... 2. Thuja 
2C. Cone globose, its scales peltate ............. .... 3. Chamaecyparis 
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2A. Scales of fertile cones many, alternate (Abieteae) 
lB. Leaves in clusters of 2 or more. 
lC. Leaves evergreen. . ... ... .. .. ... ..... ...... .... .. ..... .... 4. Pin us 
2C. Leaves deciduous ...... .... ...... ... ........ ... ..... ...... . 5. Larix 
2B. Leaves solitary. 
lC. Cones erect. . .... .. ......... ... ........ ... ......... .... ... ... . 6. Abies 
2C. Cones pendent. 
lD. Leaves flat, blunt. . ... .... .. ..... ... ...... ... .. . 7. Tsuga 
2D. Leaves quadrangular or, thick, acute.8. Picea 
1. JUNIPERUS (Tourn. ) L. 
Aromatic trees and shrubs with subulate or scalelike sessile leaves; 
staminate aments oblong or ovoid, anthers 2-6-celled, each 2-valved; 
fertile aments of 3-6 fleshy coalescent scales, becoming berry-like, blue 
fruits, each with 1-6 wingless bony seeds. (The classical name). 
Leaves all subulate. . .. .... ..... .... .. ......... .... .... .. ......... ........ .. .... 1. J. communis 
Leaves mostly scalelike on mature plants ...... ...... .... .... .. .. 2. J . horizontalis 
1. J. communis L. var. montana Ait. 
J. sibirica Burgsd. 
J. nana Willd. 
J. communis L . var. sibirica Rydb. 
Low Juniper 
A depressed or trailing alpine-arctic shrub forming patches up to 
3 m. in diameter. Leaves in whorls of 3, ascending or spreading, 6-10 
mm. long, rigid, pungently acute, shining, keeled or strongly convex 
below, grooved above; staminate aments ovate, 3-6 mm. long; berries 
globose, 7-9 mm. broad, blue, covered with a white bloom. In some more 
southern regions this low-growing form intergrades with the upright 
type. 
Throughout most of Alaska. Circumboreal. (Fig. 48.) 
2. J. horizontalis Moench. Creeping Juniper 
J. prostrata Pers. 
A prostrate shrub with the stem often rooting. Leaves of young 
plants subulate, those of the mature stem scalelike, 4-ranked, acute or 
acuminate; fruits blue, somewhat glaucous, 7-9 mm. in diameter, on short 
recurved pedicel-like branches. 
Southeastern interior Alaska-Lab.-N ewf .-Maine-Iowa-Colo. 
(Fig. 49.) 
2. THUJA L. 
Forest trees with frondlike branches, the leaves small and scalelike, 
appressed, imbricated, opposite, 4-ranked; staminate aments ovate, with 
4-6 peltate scales, each bearing 2-4 globose anther-sacs; ovulate aments 
oblong with 8-12 scales; cones pendulous, their scales thin and flexible. 
(Ancient name.) 
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T. ·plicata D. Don. Western Red Cedar, Giant Cedar 
T. gigantea Nutt. 
A large tree with thin, fibrous bark; branchlets bright green and 
shining above, paler beneath; leaves ovate, short-pointed, about 3 mm. 
long, obscurely glandular-pitted; cones clustered near the ends of the 
branches, soon reflexed, 10-14 mm. long; scales leathery. A valuable 
tree, the wood is soft, brittle, aromatic, light reddish-brown and very 
durable. 
From about 57 degrees N.-Mont.-Calif. (Fig. 50.) 
3. CHAMAECYP ARIS Spach. 
Resembling Thuja in general appearance; bark thin, scaly; branch-
lets 2-ranked in a horizontal plane; leaves scalelike, ovate, acuminate, 
opposite in pairs; staminate aments oblong; ovulate aments globose, the 
mature cones with woody, peltate scales, each with a central projection. 
(Greek, meaning low cypress.) 
C. nootkatensis (Lamb.) Spach. Yellow Cedar, Alaska Cypress 
A medium-sized tree with drooping branchlets; leaves hardly glandu-
lar, convex or ridged on the back, pointed, appressed except on vigorous 
shoots; staminate aments about 4 mm. long; cones subglobose, 10-12 mm. 
broad. The wood is aromatic, sulfur-yellow, fine-grained, and durable. 
Along the coast, Prince William Sound to Ore. (Fig. 51.) 
4. PINUS (Tourn.) L. 
Trees or shrubs with scalelike deciduous primary leaves and needle-
like secondary leaves, the secondary leaves borne in clusters of 2-5 
terminating short rudimentary branchlets in the axils of the primary 
leaves and comprising the ordinary foliage which persists for 2-8 years; 
staminate aments clustered at the base of the seasons growth, forming a 
distinct zone which remains naked after the aments have fallen; ovulate 
aments solitary or clustered, borne on twigs of preceding season, com-
posed of many scales and developing into cones the second season, the 
scales elongating and becoming woody; seeds 2, at the base of the scales, 
winged above. (The classical Latin name.) 
P . contorta Loud. Lodgepole or Tamarack Pine, Scrub Pine 
P. murrayana Bal£. 
Usually a low scrubby tree or shrub growing in and around muskeags 
in the coast region. Leaves in 2's, 3-5 cm. long; staminate aments orange-
red, about 8 mm. long; cones oblique-ovoid, 3-5 cm. long, usually per-
sisting for several years; wood hard, light reddish-brown, coarse-grained. 
Glacier Bay-Calif. The form in Yukon Ter. is the var. latifolia 
Engelm. (Var. murrayana Engelm.) , an upright-growing, slender tree 
up to 25 m. tall and distributed in the mountains from the upper Yukon 
Valley-Colo.-Calif. (Fig. 52.) 
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5. LARIX (Tourn.) L. 
Trees with small, linear, deciduous leaves in fascicles on short, 
lateral, scaly, budlike branchlets; staminate aments from leafless buds; 
the ovulate from buds leafy at base, red; cones erect, ovoid, small, with 
thin scales. (Ancient name.) 
L. laricina (DuRoi) Koch. 
L. americana Michx. 
L. alaskensis Wight. 
American Larch, Tamarack 
A small tree, the trunk seldom more than 15 cm. in diameter; leaves 
10-20 in a cluster, 15-25 mm. long; cones ovoid, 10-18 mm. long; scales 
12-18, suborbicular, thin; wood hard, strong, light brown, resinous, 
durable. 
w ·et situations, interior Alaska, Bering Sea-Lab.-Newf.-Mass.-
Ill. (Fig. 53.) 
6. ABIES (Tourn.) Hill. 
Trees with linear, flat, scattered leaves spreading and twisting so as 
to appear 2-ranked; except on fruiting branches where the leaves are 
4-sided and curve upward; staminate aments axillary; ovulate aments 
lateral; cones erect, subcylindrical or ovoid, their scales deciduous from 
the persistent axis, thin, incurved at the broad apex. (Ancient name.) 
Leaves with stomata on both sides .. .............. ................... 1. A. lasiocar,pa 
Leaves with stomata on lower surface only ................... 2. A. amabilis 
1. A. lasiocarpa (Hook.) Nutt. Alpine Fir 
A small or medium-sized tree, or at timberline scrubby, with smooth 
bark except on the oldest and largest trees; branchlets rusty-pubescent; 
leaves rounded or notched at the apex, grooved on upper side, 20-35 mm. 
long; scales fan-shaped; wood fine-grained, soft, weak. 
Copper river district and southeastern Alaska-Alta.-N. Mex.-
Ore. (Fig. 54.) 
2. A. amabilis (Dougl.) Forbes. Silver Fir, Lovely Fir 
A large tree with smooth, gray, white-splotched bark; leaves grooved 
and green above, whitish beneath, 2-3 cm. long, recurved on the margins, 
obtuse or notched at apex, erect on the branches by the recurving of those 
on the lower side; cones oblong, 9-15 cm. long; wood pale brown, hard 
but weak. 
Coast ranges, extreme southeastern Alaska-Ore. 
7. TSUGA Carr. 
'I'rees with slender, horizontal, or drooping branches; leaves linear, 
short-petioled, s~attered, appearing 2-ranked by the spreading and twist-
ing of the petioles, jointed to very short sterigmata and falling away on 
drying; staminate aments axillary, subglobose to ovate; ovulate aments 
terminal, erect; cones pendulous; scales thin. (Name Japanese.) 
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Cones small, about 2 cm. long ... .. .... ..... .............................. 1. T. heterophylla 
Cones larger, about 5 cm. long ............................................ 2. T. mertensiana 
1. T. heterophylla (Raf.) Sarg. Western Hemlock 
A large forest tree up to 60 m. tall and l 1/2 m. in diameter; branchlets 
yellowish, pubescent; leaves fl.at, rounded at the apex, deeply grooved, 
8-20 mm. long; staminate aments yellow; ovulate aments purple; cones 
1'6-22 mm. long; scales puberulent; wood pale yellowish-brown, light, 
hard and strong. Comprises fully 70 per cent of the forest stand in 
southeastern Alaska. 
Kenai Peninsula-Ida.-Ore. (Fig. 55.) 
2. T. mertensiana (Bong.) Sarg. Mountain Hemlock 
H esperopeuce mertensiana (Bong.) Rydb. 
A small or medium-sized tree up to 30 m. tall and 9 dm. in diameter, 
but a mere shrub on muskeags and at timberline; leaves convex or keeled 
below, grooved above, narrowed toward the base, rounded at the apex, 
12-22 mm. long; staminate aments purplish; ovulate aments deep purple; 
cones sessile, 4-6 cm. long; wood fine-grained, soft, and light. 
Cook Inlet-Ida.-Mont.-Calif. (Fig. 56.) 
8. PICEA Link. 
Forest trees with whorled branches; leaves linear, short, horny-
tipped and spreading in all directions, persisting for several seasons, 
jointed at the base to short persistent sterigmata, falling away in drying; 
staminate aments axillary; ovulate aments terminal, erect; cones pendu-
lous, their scales numerous, thin, obtuse, persistent. (Name ancient.) 
lA. Cones l 1/2-3 cm. long, persisting for several years 1. P. mariana 
2A. Cones 4-10 cm. long, falling off at maturity. 
lB. Leaves quadrangular. .. ...................................... 2. P. gl.auca 
2B. Leaves rather flat ................................................. 3. P. sitchensis 
1. P. mariana (Mill.) B.S.P. Black Spruce 
A small tree, often scrubby, with pubescent branchlets; leaves stout, 
generally curved, glaucous, quadrangular, with blunt tip, 6-10 mm. long; 
cones oval or ovoid; the scales usually with slightly erose margins. 
Muskeags and hillsides, southwest Alaska to north of the Arctic 
Circle-Ungava Bay-Newf.-N. Car.-Wis.-Alta. (Fig. 57.) 
2. P. glauca (Moench) Voss. White Spruce 
P. canadensis (Mill.) B.S.P. 
A medium-sized tree up to 28 m. tall and nearly 1 m. in diameter; 
branchlets glabrous; leaves rather slender, acute, 12-20 mm. long, bluish-
green with more or less bloom; cones cylindric or oblong-cylindric, 3-6 
cm. long, the scales thin, entire. 
Southwestern Alaska-Noatak River-Ungava Bay-Newf.-Maine 
-Wis.-Alta. Larger trees of this species furnish most of the lumber 
sawed in interior Alaska. (Fig. 58.) 
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3. P. sitchensis (Bong.) Carr. Sitka Spruce 
Our largest tree, reaching a height of 50 m. and a diameter of 2112 m. 
or more; branchlets glabrous; leaves acute or acuminate, 15-25 mm. long, 
keeled on upper surface, rounded or slightly keeled on lower surface, 
with 2 narrow bands of whitish stomata above and 2 wide bands below; 
staminate aments dark red; cones cylindrical or narrowly oblong-oval, 
5-10 cm. long; scales thin, denticulate above the middle. 
Coast region, Kodiak Island and Cook Inlet-Calif. Our most valu-
able tree. Beside furnishing construction lumber and wood-pulp it is 
used in airplane construction and for piano sounding boards. (Fig. 59.) 
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PLATE I 
FIG. 1. Botrychium lunaria 
2. Botrychium boreale 
3. Botrychium lanceolatum 
4. Botrychium silaifolium' 
5. Blechnum spicant 
6. Struthiopteris filicastrum 
7. Cryptogramma acrostichoides 
8. Cryptogramma stelleri 
9. Adiantum pedatum 
10. Pteridium aquilinum lanuginosum 
11. Polypodium vulgare occidentalis 
12. W oodsia glabella 
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PLATE II 
FIG. 13. W oodsia alpina 
14. W oodsia ilvensis 
15. Cystopteris fragilis 
16. Cystopteris montana 
17. Polystichum lonchites 
18. Polystichum munitum 
19. Polystichum braunii 
20. Dryopteris phegopteris 
21. Dryopteris linnaeana 
22. Dryopteris fragrans 
23. Dryopteris oreopteris 
24. Dryopteris austriaca 
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PLATE III 
FIG. 25. Asplenium trichomenes 
26. Asplenium viride 
27. Athyrium filix-femina var. 
28. Athyrium alpestre var. 
29. Equisetum arvense 
30. Equisetum pratense 
31. Equisetum sylvaticum 
32. Equisetum palustre 
33. Equisetum limosum 
34. Equisetum scirpioides 
35. Equisetum variegatum 
36. Equisetum hiemale var. 
FLORA OF ALASKA 171 
PLATE III 
25 
28 
31 
34 
36 35 
172 J.P. ANDERSON 
PLATE IV 
FIG. 37. Lycopodium selago 
38. Lycopodium complanatum 
39. Lycopodium clavatum 
40. Lycopodium inundatum 
41. Lycopodium obscurum 
42. Lycopodium alpinum 
43. Lycopodium sitchense 
44. Lycopodium annotinum 
45. Selaginella selaginoides 
46. Selaginella sibirica 
47. Isoetes braunii 
48. Juniperus communis var. montana 
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PLATE V 
FIG. 49. Juniperus horizontalis 
50. Thuja plicata 
51. Chamaecyparis nootkatensis 
52. Pinus contorta 
53. Larix laricina 
54. Abies lasiocarpa 
55. Tsuga heterophylla 
56. Tsuga mertensiana 
57. Picea mariana 
58. Picea glauca 
59. Picea sitchensis 
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tic constants of, 51 
Rabbits of Iowa, coccidia of; see Coccidia 
of wild rabbits of Iowa 
Rats 
changes produced in growth, reproduc-
tion, blood, and urine of, by inges-
tion and oral administration of co-
balt salts, 87 
determination of ethyl alcohol in the 
blood and tissues, its absorption 
and distribution, and its effect upon 
some of the blood constituents of, 
30 
Refractivities of the halogens, atomic, ef-
fect of various organic radicals on, 77 
Reproduction by rats, changes produced 
by ingestion and oral administration 
of cobalt salts, 87 
Resistance of polyhexamethylene adipa-
mide, chemical, 25 
Retention of carbon dioxide in carbona-
ted beverages, 84 
Saline hypochlorite solution, apparatus 
for producing electrolytically for an-
tiseptic purposes, 54 
Scale for measurement of attitude toward 
farming, construction and validation 
of, 71 
Seed structures associated with hardness 
in Melilotus alba L. and M. officinalis 
Willd., 457 
Siphonaptera (fleas) collected at Tama, 
Iowa, 209 
Skunk, Prairie Spotted, in southeastern 
Iowa, ecology and management of, 22 
Soils 
Iowa, forms of inorganic phosphorus in 
the lower horizons of, as indicated 
by plant availability and chemical 
methods, 89 
profiles, evaluation of microbial activ-
ity in, by carbon dioxide evolution 
and thermal procedures, 7 4 
Solvent and reaction medium, cyanamide 
as, 19 
Solvents in organometallic chemistry, 48 
Spilogale interrupta (Rafinesque) in 
southeastern Iowa, ecology and man-
agement of, 22 
Starch, characterization of components 
of, 36 
Starch-iodine complex, nature of, 10 
Stereoisomeric 2,3-butanediols, ferment-
ability by Acetobacter suboxydans, 
377 
Strophiole and other seed structures as-
sociated with hardness in Melilotus 
alba L. and M. officinalis Willd., 457 
Sweet clover, strophiole and other seed 
structures associated with hardness 
in, 457 
Sylvilagus floridanus mearnsii (Allen), 
coccidia of, 111 
Thermal procedures, evaluation of mi-
crobial activity in soil profiles by, 
74 
Tick, American dog, in Iowa, seasonal 
history and hosts of, 313 
Tulip, initiation and development of fol-
iar and floral organs in, 447 
Urine of rats, changes produced by in-
gestion and oral administration of co-
balt salts, 87 
Viscosities, specific, of diastereoisomeric 
2,3-butanediols, 359 
Water-solubilizing groups 
introduction into some organometallic 
compounds, 57 
organolead compounds containing, 65 
Waxy maize, phosphorylase of, 16 
White-tailed jack rabbit, coccidia of, 116 
Work, effect of, upon the nitrogen, cal-
cium and phosphorus balances of 
draft geldings, 45 
Xylose from cornstalks; data, design, and 
specifications for a plant to produce, 
27 
